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FOREWORD 

TO 

PRINCIPLES  OF  MACHINE  WORK 

aud 

ADVANCED  MACHINE  WORK 

Text-books.  —  To  teach  any  subject  rapidly,  good  text- 
books are  a  necessity.  For  the  study  of  languages,  mathe- 
maticSy  physics,  chemistry,  etc.,  in  the  class-room  and  the 
laboratory,  excellent  text-books  are  obtainable  scientifically 
arranged  to  lead  the  student  progressively  and  rapidly  through 
elementary  and  advanced  principles. 

Lack  of  Text-Books  on  Machine  Work.  —  In  this  Age  of 
Machinery,  teachers,  students,  apprentices,  machine  oper- 
ators and  all  those  who  are  interested  in  the  art  and  science  of 
machine  construction  have  been  handicapped  by  the  lack  of 
text-books  comparable  with  those  that  aid  the  student  and 
teacher  in  other  subjects. 

Need  of  Text-books  on  Machine  Building.  —  To  meet  the 
urgent  demand  for  such  text-books,  the  author  has  prepared  and 
published  two  books  —  the  text-book  of  The  Principles  of 
Machine  Work  and  the  text-book  of  Advanced  Maddne  Work  — 
that  be^nners  might  have  the  advantages  of  text-books  as  in 
the  older  subjects  and  be  able  to  acquire  in  a  short  time,  the 
fundamental  and  the  advanced  principles  of  machine  building, 
logically,  systematically  and  progressively.  These  books  super- 
sede all  the  other  editions  of  his  books  on  machine  work. 

**  Principles  of  Machine  Work  "  describes  the  metals  and 
materials  used  in  machine  construction,  and  names  the  tools 
and  instruments  and  schedules  of  operations  and  hand  proc- 
esses. It  treats  of  Heat  Treatment  of  Steel;  Hardening  and 
Tempering  Carbon  Tool  Steels  and  High-speed  Steels;  Oxy- 
Acetylene  Welding  and  Cutting,  Lead  Burning;  Thermit  Weld- 
ing, Electric  Welding,  Brazing  and  Soldering;  Pipe  Fitting; 
Laying  Out  Work;  Hand  and  Pneumatic  Chipping,  Riveting 
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and  Drilling,  Filing  and  Scraping;  Lacing  Belts,  Alining  Shaft- 
ing and  Installing  Machines;  Drills  and  Drilling;  Taps  and 
Tapping;  Speed  Lathes,  Hand  Tools  and  Hand  Turning. 

"  Advanced  Machine  Work  "  treats  of  Engine  Lathe  Work; 
Cutting  Tools;  Measuring;  Turning;  Fitting;  Threading; 
Chucking;  Reaming;  Mandrels  or  Arbors;  Curve  Turning  and 
Forming;  Inside  Calipers  and  Inside  Micrometers;  Boring  and 
Inside  Threading;  Brass  Finishing;  Broaching;  Drilling  Jigs; 
Boring,  Boring  Bars  and  Boring  Machines;  Eccentric  Turning; 
Nuriing;  Cylindrical,  Internal,  Surface  and  Cutter  Grinding; 
Planing;  Milling;  Spur,  Spiral,  Worm  and  Bevel  Gear  Cutting; 
Generating  Gears;  Toolmaking;  Spiral  Milling;  The  Plug  and 
Button  Methods  of  Locating  Holes  of  Precision  in  Jigs  and 
Fixtiu-es;  Sine  Bar;  Relieving  or  Backing  Off  Cutters,  Taps, 
Counterbores  and  Hobs;  Inspection  and  Limit  System. 

Books  in  Sectional  Form.  —  These  text-books  are  divided 
into  Sections.    Each  Section  is  complete  in  itself. 

Illustrations.  —  Machines,  mechanisms  and  tools,  prob- 
lems and  processes,  methods  and  operations  are  graphically 
illustrated  by  perspective  and  mechanical  drawings. 

The  drawings  have  been  made  especially  for  these  books 
and  are  so  clearly  marked  with  letters,  words;  and  figures, 
that  many  of  them  ar^  self-explanatory  of  the  operations 
and  processes  which  they  represent  and  tell  things  far  better 
than  could  be  told  by  words. 

Schedules  of  Operations.  —  To  secure  efficiency  in  teach- 
ing or  manufacturing,  it  is  necessary  to  be  equipped  with  a 
well-defined  plan  of  attack  for  the  problem  in  hand.  The 
schedules  of  operations  in  these  text-books  provide  the  student 
and  teacher  with  a  complete  plan  in  table  form,  for  the  rapid 
production  of  standard  and  typical  problems  in  machine 
construction.  They  name  the  time  necessary  to  complete 
the  work,  the  materials,  machines,  speeds,  feeds,  tools,  jigs, 
and  fixtures  for  each  consecutively  numbered  or  lettered 
operation,  and  the  accompanying  illustration  is  numbered 
and  lettered  to  correspond. 

These  schedules  of  operations  have  been  used  by  the  author 
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for  many  years  in  his  classes  and  are  the  methods  now  used  in 
all  modern  manufacturing  efficiency  systems. 

To  the  Student  —  These  text-books  constitute  a  complete 
treatise  on  the  indispensable  principles  and  processes  of 
modern  machine-shop  practice  for  the  production  of  ma- 
chine parts,  machines  and  tools.  They  tell  how  to  do  things 
with  that  theory  which  connects  principles  and  practice  and 
no  person  can  build  machines  or  superintend  the  construc- 
tion of  machinery  without  consciously  or  unconsciously  under- 
standing and  applying  these  principles.  The  basic  operations 
and  processes  have  been  reduced  to  problem  form.  The 
study  and  practice  of  these  problems  and  methods  supple- 
mented by  lectures,  demonstrations,  and  instruction,  will 
give  the  student  not  only  an  excellent  training  in  machine 
work,  but  also  a  broader  training  by  teaching  him  to  plan 
methods  of  doing  things,  to  study  his  movements  and  avoid 
wasting  steps  and  motions,  and  thus  to  conserve  his  time  and 
his  energy,  thereby  obtaining  mental  and  physical  precision 
and  scientific  efficiency. 

To  the  Instructor  these  text-books  will  be  of  great  assistance 
by  furnishing  an  organized  course.  They  will  supplement 
the  lectures,  enrich  the  individual  instruction,  and  supply 
information  and  answers  to  the  innumerably  questions  of  the 
students,  thereby  conserving  the  instructor's  time  and  ena- 
bling the  students  to  work  with  greater  efficiency  and  dispatch. 

To  obtain  the  greatest  benefit,  the  use  is  urged  of  as  many 
of  the  problems  as  time  and  conditions  will  permit,  and  in  the 
order  given  in  the  books,  so  far  as  the  equipment  of  special 
machines  will  allow.  These  books  will  be  found  valuable 
in  experimental  work  and  in  building  apparatus  and  ma- 
chines, as  the  schedules  of  operations  and  the  processes  give 
the  correct  methods  for  making  machine  parts,  tools,  and  for 
building  machines. 

In  fact,  the  schedules  of  problems  and  processes  are  com- 
plete and  condensed  lessons  in  scientific  efficiency,  and  teach 
the  shortest,  quickest  and  easiest  way  to  obtain  results. 

These  books  do  not  teach  casual  ideas  but  scientific  principles 
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10  ADVANCED    MACHINE    WORK 

developed  by  thirty  years'  study  of  the  subject.  These 
powerful  lessons  enable  the  student  to  make  the  most  of  his 
efforts  and  time  without  waste  of  energy. 

To  the  Machine  Operator.  —  To  the  man  who  has  been 
trained  on  one  machine,  or  to  perform  but  few  operations, 
these  text-books  open  the  door  of  opportunity  to  a  broader 
training,  increased  efficiency,  And. greater  earning  power. 

To  the  Apprentice.  —  These  books  will  be  of  great  value 
to  apprentices  and  to  young  machinists  for  any  problem 
which  may  arise  in  the  machine  shop,  as  neither  the  super- 
intendent, foremen,  toolmakers  nor  machinists  have  the  time 
to  instruct  the  apprentices  in  the  principles  and  processes 
presented. 

An  apprentice  or  young  machinist  may  have  worked  a  long 
time  in  the  shop  without  seeing  or  doing  a  particular  kind  of 
work,  for  shop  work  depends  on  commercial  requirements. 
When  new  work  comes  to  such  a  man  he  will  find  the  method 
of  procedure  so  clearly  set  forth  in  these  books  that  he  will 
have  but  little  difficulty  in  following  directions. 

As  these  principles  and  processes  can  be  applied  to  all 
machine  work,  their  faithful  study  by  the  apprentice  or  young 
machinist  will  not  only  increase  his  knowledge,  develop  high 
efficiency  and  rapid  and  accurate  workmanship,  but  will  also 
make  him  more  valuable  to  his  employer  during  his  period  of 
learning  by  largely  increasing  his  power  of  production. 

Furthermore,  these  text-books  teach  the  apprentice  to  read 
and  understand  technical  literature.  They  train  him  to 
translate  printed  matter  into  intelligent  action.  This  is  a 
great  acquisition,  for  in  no  other  way  can  an  apprentice 
keep  abreast  of  everything  technical  and  scientific.  It  is 
self-evident  that  the  training  we  have  so  briefly  outlined  will 
tend  to  increase  his  earning  power  and  to  fit  him  for  a  better 
position  at  the  close  of  his  apprenticeship. 

To  the  Machinist.  —  To  machinists  who  have  served  their 
apprenticeships  in  the  small  machine  shops,  with  limited 
equipment  and  range  of  work;  to  those  who  were  trained  in 
the  large  machine  shops  well  equipped  with  improved  ma- 
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chinery,  but  where  intensive  methods  of  manufacturing  and 
repetitional  production  may  have  limited  their  opportunities 
to  acquire  that  broad  fundamental  training  so  necessary  to 
future  success;  and  to  all  machinists  who  wish  to  fit  them- 
selves for  better  positions  by  further  study,  these  books  will 
be  an  aid  and  an  inspiration.  Even  to  those  who  have  had 
a  superior  training,  such  as  managers,  superintendents  and 
foremen,  they  will  be  valuable  as  works  of  reference. 

The  Increased  Efficiency  obtained  at  the  Massachusetts 
Institute  of  Technology  by  use  of  these  text-books,  and  the 
kind  reception  given  them  by  the  technical  press,  schools 
and  shops,  teachers  and  students,  apprentices  and  machinists, 
have  shown  the  need  of  text-books  on  machine  work  and 
justified  their  production. 

The  increasing  number  of  state  universities,  technical,  trade, 
and  manual  training  schools  that  are  adopting  these  books 
as  a  required  text  is  evidence  that  the  want  they  meet  is  wide- 
spread. 

Grateful  Acknowledgment  —  To  the  teachers  and  edu- 
cators, manufacturers  and  engineers,  foremen  and  mechanics, 
associates,  and  other  friends  in  all  parts  of  the  country,  who 
have  kindly  assisted  with  information,  help  and  encourage- 
ment, I  take  this  opportunity  to  express  my  indebtedness 
and  appreciation. 
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SAFETY  WARNINGS 

TO 

AVOID    ACCIDENTS   WHEN   OPERATING     MACHINSS,   TOOLS, 
OR  APPLIANCES 

Guards  and  safety  appliances.  —  Guard  dangerous  parts 
of  power-driven  mactdnes  properly,  according  to  modem  safety 
standards,  and  to  comply  with  the  laws  of  the  State  or  Muni- 
cipality. Gears,  pulleys,  belts,  couplings,  ends  of  shafts  having 
keyways  and  other  revolving  or  reciprocating  dangerous  parts, 
are  some  of  the  mechanisms  that  are  generally  required  to  be 
guarded  to  a  height  of  six  feet  above  the  floor.  Safety  set 
screws  and  collars  are  required.  Guards  should  be  removed 
only  for  repairing  or  adjusting  the  machine,  then  replaced  be- 
fore operating  the  machine. 

Danger  Notice.  —  When  engine  or  motor  is  stopped  do  not 
begin  work  on  the  line  shaft,  jackshafts,  countershafts,  over- 
head pulleys  or  belts  without  first  notifjdng  the  engineer  or  the 
man  in  charge  of  the  motor. 

Li^t  and  sanitation.  —  As  factors  of  safety,  efficiency,  and 
health,  rooms  should  be  kept  clean,  well-lighted,  and  have  a 
large  volume  of  circulating  air. 

Operating  machines.  —  Do  not  start  or  attempt  to  operate 
a  machine  until  its  mechanism  and  its  attending  dangers  are 
fully  explained  by  a  qualified  person. 

Lack  of  knowledge  is  the  cause  of  more  accidents  by  machines 
than  carelessness.    Most  accidents  are  avoidable. 

Oiling  overhead  bearings.  —  Never  expose  yourself  to  the 
dangers  of  revolving  shafting,  pulleys,  and  gears,  by  oiling  over- 
head shaft  bearings,  countershafts,  loose  pulleys  or  clutches 
while  in  motion. 

Clothing.  —  Wear  a  suitable  working  uniform,  preferably 
overalls  and  jumper,  with  jumper  inside  overalls.  The  working 
uniform  should  be  washed  at  regular  intervals.  Badly  soiled 
clothing  is  unsanitary,  unhygienic  and  inefficient  and  may  cause 
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infection  in  scratches,  cuts  or  wounds.  Loose  or  torn  clothing, 
particularly  loose  or  torn  sleeves,  or  a  flowing  necktie,  is  dan- 
gerous. Never  wear  gloves  when  operating  a  machine  except 
when  absolutely  necessary. 

Cleaning,  adjusting,  repairing,  and  oiling  machines. — 
Stop  the  machine  before  cleaning,  adjusting,  or  repairing.  If  a 
dangerous  part  of  a  machine  must  be  oiled  while  running,  use 
an  oil  can  with  a  long  spout.  The  belt  or  clutch  shipper 
(shifter)  should  be  locked,  or  otherwise  fastened,  when  adjusting 
or  repairing  a  dangerous  part  of  a  machine.  Serious  accidents 
have  occurred  by  some  person  starting  a  machine  while  another 
person  was  adjusting  or  repairing  it. 

Do  not  lean  against  a  machine. 

Belting.  —  Do  not  pinch  or  try  to  hold  a  belt  when  pushing 
it  on  or  off  a  pulley.  Keep  the  fingers  straight,  stiff  and  to- 
gether, and  act  quickly. 

To  put  belts  on  or  off  overhead  pulleys,  use  a  pole  with  a  suit- 
able shifting  device  or  hook  at  the  end.  It  is  dangerous  to 
climb  a  ladder  to  put  on  an  overhead  belt  in  the  midst  of  other 
running  belts.    Ladders  should  have  safety  feet. 

Gearing.  —  Do  not  clean  nmning  gears.  Cotton  waste, 
loose  clothing,  or  the  end  of  the  belt  you  may  be  wearing,  is 
quickly  caught  in  running  gears  and  thereby  may  draw  in  and 
crush  the  fingers,  the  hand  or  the  arm,  or  cause  injury  to  the 
body.  Running  gears  are  among  the  most  dangerous  of  mech- 
anisms.   All  gearing  should  be  well  guarded. 

Engine  and  speed  lathes.  —  Revolve  a  lathe  one  complete 
revolution  before  starting  it  by  power  to  see  that  there  is  ample 
clearance  between  work,  dog,  chuck,  and  carriage.  When 
filing  or  polishing  work  in  an  engine  or  speed  lathe,  see  that  the 
sleeves  are  tight  or  rolled  up.  Keep  hand  and  arm  above  the 
rotating  dog  and  work. 

Do  not  put  your  hand  or  fingers  on  revolving  work,  spindles, 
pulle3nB,  gears,  chucks,  or  shafts. 

Chucks.  —  Hold  a  chuck  firmly  when  screwing  it  on  or  off 
the  nose  of  the  lathe  spindle,  otherwise  it  is  liable  to  drop  on  the 
ways  of  the  lathe  and  injure  the  hand.    Hold  small  chuck  with 
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the  hand.  Medium  and  larger  chucks  are  held  by  resting  the 
chuck  on  the  right  forearm  while  rotating  the  spindle,  by  means 
of  the  belt,  with  the  left  hand.  For  very  large  chucks,  have  an 
assistant,  or  use  a  crane  or  \ackle.  Before  starting  the  lathe, 
be  sure  to  fasten  the  work  into  the  chuck  firmly  and  remove 
chtuk  wrench. 

Drilling  with  drill  press  or  cfpeed  lathe.  —  Never  try  to  hold 
a  short  piece  of  work  with  the  hand  while  drilling  as  it  is  liable 
to  be  jerked  away  suddenly  and  cause  a  painful  and  often  a 
serious  accident  by  cutting  or  bruising  the  hand. 

Work  that  is  to  be  drilled  with  a  drill  press  should  be  fastened 
firmly  in  a  vise,  clamped  to  the  table  or  screwed  to  a  suitable 
fixture.  Work  that  is  to  be  drilled  in  a  speed  lathe  should  be 
held  with  some  suitable  device  such  as  a  hand  vise  or  a  lathe 
dog  supported  by  the  Tee  rest. 

A  torn  sleeve  or  a  flowing  necktie  may  be  quickly  caught  by  a 
high-speed  spindle  of  a  sensitive  or  multiple-spindle  drilling  ma- 
chine and  cause  a  serious  accident. 

Milling  cutters.  —  Do  not  brush  the  chips  from  a  revolving 
milling  cutter  with  the  fingers,  or  waste.  If  need  be,  use  a  suit- 
able brush. 

A  loose  or  torn  sleeve  or  cotton  waste,  may  quickly  catch  in  a 
revolving  milling  cutter  and  draw  in  and  crush  the  fingers  or  the 
hand. 

Grinding  wheels.  —  Rotate  a  grinding  wheel  by  pulling 
belt  by  hand,  and  examine  the  wheel  carefully  to  be  sure  that 
it  is  not  broken  before  starting  by  power.  To  avoid  vibration 
and  bursting,  keep  the  wheel  true  with  a  dresser.  Do  not  run 
the  wheel  faster  than  the  speed  recommended.  Grinding 
wheels  must  be  well  guarded. 

To  grind  tools  or  work  held  on  a  rest,  clamp  the  rest  firmly 
and  closely  to  the  wheel.  When  grinding  with  a  dry  wheel, 
protect  the  eyes  by  wearing  safety  goggles.  When  grinding 
with  an  unprotected  grinding  wheel,  stand  a  little  to  one  side  to 
avoid  the  danger  of  flying  emery  and  breaking  wheel. 

Planers  and  shapers.  —  Note  the  position  of  jigs  or  fixtures 
and  work  on  table,  in  relation  to  the  cutting  tool,  before  starting 
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a  planer.  Note  also  the  position  of  the  table  dogs,  to  avoid  the 
danger  of  the  tool  cutting  into  the  work  or  the  fixture  that  may 
be  on  the  table.  ^ 

Do  not  leave  loose  pieces,  such  as  bolts,  nuts,  tools,  or  fixtures, 
on  the  table  when  it  is  running  as  they  may  shake  off  and  drop 
into  and  break  the  gearing  inside  the  bed. 

Do  not  use  the  space  inside  the  bed,  as  a  receptacle  for  tools 
and  reach  for  these  tools  while  the  table  is  running;  this  has 
caused  many  serious  accidents.  To  prevent  such  accidents, 
the  space  inside  of  bed  should  be  covered  with  a  suitable  guard. 

Metal  chips  and  shavings.  —  Do  not  renfove  chips  or 
shavings  with  the  hand.  Remove  cast-iron  chips  which  break 
into  small  fragments  with  a  brush.  Steel  turnings,  steel  planer 
chips,  and  steel  drilling  chips,  which  are  long  shavings,  may 
cause  a  bad  cut  if  an  attempt  is  made  to  remove  them  with  the 
hand.  They  may  be  broken  with  the  crooked  end  of  a  scratch 
awl  or  bent  rod,  and  then  brushed  off  the  machine. 

Hand  tools.  —  Never  use  a  file  without  a  handle.  Handles 
of  files,  hammers,  and  other  tools,  should  be  tight  and  free  from 
splints. 

Chipping.  —  In  hand  or  pneumatic  chipping,  always  chip 
toward  the  wall,  screen,  or  shield,  and  away  from  other  persons. 

Repeated  blows  on  the  head  of  a  chisel,  or  similar  tool  will 
develop  burrs.  They  should  be  ground  off  or  the  chisel  head 
dressed  and  annealed  to  avoid  fl3dng  chips  due  to  the  brittle 
burrs  breaking  off.  When  others  are  chipping  in  the  same 
room,  it  is  best  to  protect  the  eyes  with  safety  goggles. 

Babbitt,  lead,  solder.  —  When  handling  or  pouring  molten 
babbitt,  lead,  solder,  or  other  metal,  protect  the  eyes  with  safety 
goggles  or  a  helmet. 

Avoid  water,  moisture,  or  even  a  slight  dampness  on  bench, 
in  ladle,  or  on  other  tools,  or  on  floor  or  the  ground;  for  if  molten 
metal  is  dropped  or  spattered  on  wet  objects,  it  may  cause  a 
dangerous  explosion  and  serious  injury. 

As  a  necessary  measure  of  prevention,  dry  tongs,  pokers, 
ladles,  or  other  tools  by  preheating  them  in  the  forge,  fmnace, 
or  by  torch,  before  putting  them  into  molten  metal. 
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To  pour  babbitt  bearings,  or  to  pour  lead  or  other  soft  metal 
into  molds,  cracks,  crevices,  or  foundations,  first  carefully  dry 
the  parts  by  preheating  with  a  torch. 

Bedding  on  foundations.  —  Type  metal  is  often  used  for 
bedding  on  foundations,  for  engines,  pumps,  power  hammers, 
and  other  <!las8es  of  heavy  machinery;  also  for  bedding  castings, 
eye  beams,  etc.,  on  concrete  or  granite  foundations. 

To  remove  dampness  and  to  avoid  an  explosion,  powdered 
rosin  may  be  sprinkled  over  the  surfaces  where  it  is  not  con- 
venient to  preheat  the  work  with  a  torch.  The  molten  metal 
is  poured  from  the  side  preferably  through  a  spout.  The 
powdered  rosin  will  bum  out  ahead  of  the  molten  metal  and 
remove  the  moisture  or  dampness. 

The  spaces  into  which  molten  metal  is  to  be  poured  should 
have  large  vents  to  allow  the  hot  gases  to  escape. 

Various  cold  materials  are  used  for  bedding  structural  work, 
base  plates,  or  castings  on  foundations  wUhovt  danger  of  ex- 
plosion: 

Grout  which  may  consist  of  cement  alone  or  cement  and  fine 
sand  of  equal  parts  and  sufficient  water  to  make  the  mixture 
pour;  also  a  wet  mixture  of  sal  ammoniac  and  iron  filings;  and 
sheet  lead. 

Grout  or  molten  sulphur  is  used  to  anchor  bolt  heads  in  holes 
in  foundations. 

AutogenouSi  thermit  and  electric  Welding.  —  Protect  the 
eyes  with  suitable  goggles  (scientifically  colored)  when  welding 
by  the  autogenous,  thermit,  or  electric  processes.  For  electric 
arc  welding,  protect  the  face  as  well  as  the  eyes  by  a  helmet 
which  is  made  for  the  purpose. 

Welding  by  any  process  that  requires  an  extremely  high  tem- 
perature will  cause  serious  and  often  permanent  injury  to  the 
eyes  and  in  some  cases,  to  the  skin,  if  they  are  not  protected. 
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FIRST  AID  SUGGESTIONS 

First  Aid  Equipment.  —  Keep  a  standard  medical  kit,* 
splints,  stretcher,  disinfectants,  sterilized  gauze  and  bandages 
in  some  accessible  place,  and  where  possible  have  hot  water 
available.  Designate  and  instruct  some  person  who  4ias  natural 
qualifications  to  render  first  aid,  and  order  all  others  when  in- 
jured to  report  at  once  to  him.  If  the  injury  appears  serious 
or  the  patient  seems  to  be  profoundly  affected  by  the  accident, 
seek  medical  advice  immediately.  Make  a  thorough  inspection 
of  the  injury.  Think  carefully  but  act  promptly.  Keep  cool 
as  self-control  is  one  of  the  first  essentials  in  the  person  render- 
ing aid. 

Blood  poisoning.  —  Treat  and  dress  immediately  every 
scratch,  cut,  wound,  bruise  or  bum  to  avoid  infection  or  blood 
poisoning  which  might  incapacitate  a  person  from  work  for 
weeks  or  months.  The  slightest  scratch  is  worthy  of  attention. 
Remember  that  soap  and  water  cleansing  of  the  parts  injured 
is  a  good  preliminary  measure,  but  should  be  followed  by  dis- 
infection. 

Hands  that  are  to  treat  the  wound  should  be  washed  —  sur- 
gically dean.  A  neglect  of  cleanliness  may  cost  the  patient's 
life. 

To  disinfect  and  relieve  pain  wash  with  a  weak  solution  of 
carbolic  acid  and  water  (1  part  to  40)  and  rinse  with  warm 
water.  Iodine  (tincture)  with  alcohol,  half  and  half,  is  another 
disinfectant  highly  recommended  as  a  local  antiseptic  and  should 
be  in  every  kit.  Paint  the  wound  thoroughly  with  the  tincture 
of  iodine.  Cover  wound  with  sterilized  gauze  then  bind  with  a 
clean  bandage.  An  open  wound  should  not  be  sealed  by  tight 
bandaging  or  by  collodion.  The  inspection  of  such  a  wound 
should  be  made  at  least  every  24  hours  and  a  physician  con- 
sulted at  the  first  signs  of  inflammation. 

Attention.  —  Other  emergency  disinfectants  are  alcohol,  weak 
sulphur-naphthol,  gasoline,  shellac  or  soap  and  water. 

♦  A  standard  "  First  Aid  Kit "  such  as  recommended  by  the  National 
Safety  Council  will  be  found  very  satisfactory. 
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For  bums  put  a  teaspoonf  ul  of  bicarbonate  of  soda  into  a 
pint  of  hot  water  and  bathe  or  use  carron  oil  (linseed  oil  and  lime 
water).  For  muscle  sprains  and  injuries  to  joints  apply  hot  or 
cold  water,  keeping  the  injured  parts  at  rest.  In  the  event  of 
fracture  place  the  limb  where  it  cannot  be  jarred  and  support 
it  on  a  splint  made  soft  by  the  use  of  cotton  wadding,  a  pillow 
or  any  pliable  material  available  and  send  for  a  physician. 

M^cal  and  dental  departments  in  shops  and  factories.  — 
No  person  can  work  efficiently  with  steel  or  emery  in  his  eye, 
with  the  toothache  or  while  suffering  pain  in  any  form.  If  the 
size  of  a  plant  justifies,  medical  and  dental  departments  should 
be  provided,  with  a  physician,  dentist  and  nurse,  on  duty,  so 
that  attention  may  be  given  injuries  at  once  in  order  that  men 
oan  return  promptly  to  work. 
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ADVANCED   MACHINE   WORK 

SECTION  1 

LATHE  WORK 

&iciiie  Lathes.    Rectrically-driveii  ICachine  Tools.    Traiag  and  AUning 
Centers.    Ceoter  Holes.   Catting  Tools.   Lathe  Tools  for  Cast  Lron. 
Grindmg  Lathe  Tools.    Setthig  and  Using   Outside  Calipers. 
Catting  Speeds,  Cut-MeteTy  and  Feeds.    Lubricants  for  Cut- 
ting Tools,    bispecting  and  Measuring  ICaterial  (Stock). 

ENGINE  LATHES 

1.  Evolution  of  the  lathe.  — The  lathe  is  the  most  general 
and  useful  of  all  machine  tools  and  is  used  to  produce  cylin- 
drical surfaces. 

The  date  of  its  origin  is  lost  in  antiquity.  The  first  lathes 
consisted  of  two  short  posts  driven  into  the  ground,  and  a  nail 
driven  into  each  formed  the  centers  on  which  the  work  re- 
volved, operated  by  a  rope,  treadle  and  sapling,  or  lath,  and 
from  the  latter  name  the  term  lathe  is  derived. 

To  Henry  Maudslay  of  England,  belongs  the  credit  of 
inventing  the  slide  rest  and  applying  it  to  the  lathe  about 
1794;  and  later,  to  other  machines.  Planing  machines  came 
next,  and  did  for  plane  surfaces  what  the  lathe  had  done  for 
cylindrical  surfaces.  Then  followed  milling  machines,  grind- 
ing machines,  screw  machines,  gear-cutting  machines,  etc.  The 
improvements  in  machine  tools  during  the  past  fifty  years  have 
been  greater  than  in  all  the  preceding  years. 

2.  Swing  of  lathes. — ^A  lathe  is  designated  by  its  swing  and 
total  length  of  bed.  A  li^  X  6'  engine  lathe  will  swing  four- 
teen inches  in  diameter  over  ways,  but  will  only  swing  about 
8*  over  a  rise  and  fall  rest,  and  about  10'^  over  a  plain  or 
compound  rest.  In  length  it  will  turn  six  feet  less  the  com- 
bined length  of  head  and  footstock.  A  6^  bed  will  turn  about 
SS''  between  centers. 

lot 
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FiQ.  1.  —  Ck)RRECT  Position  at  Enqinb  Lathb  fob  Turning. 
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8*  Classes  of  lathes. — Lathes  are  divided  into  many 
classes,  some  of  which  are  designed  especially  for  the  work 
performed  upon  them,  as  the  wheel  lathe,  axle  lathe,  pulley 
lathe,  turret  lathe,  bench  lathe,  jeweler's  lathe,  etc.,  and  for 
general  work]  the  engine  lathe,  which  when  supplied  with 
special  attachments  is  called  a  tool-maker's  lathe. 

.4.  The  engine  lathe,  see  Figs.  1, 2,  is  suppUed  with  hand  and 
power  long.  {Umffittidinal)  and  cross  feeds,  is  arranged 
for  screw  cutting  for  which  a  lead  screw  is  provided,  and  is 
usually  constructed  with  back  gears.  The  cutting  tool  is 
held  in  a  tool  post  which  is  clamped  to  the  tool  block  and 
the  whole  mounted  on  a  carriage. 


CONE  HEADSTOCK,  COUNTERSHAFT  DRIVE,  BELT  OR 
GEAR  FEED 


Essential  Parts,  Fio.  2. 


6.  A --Bed. 


B  and  B'  —  Legs  fastened  to 
bed  by  cap  screws,  to  floor  by  lag 
screws. 

C  and  C  —  Front  ways  of  two 
pairs  of  V  ways,  plajied  and 
scraped. 

D  —  Headdtock  bolted  to  wa3r8. 

E  —  Footstock  or  tailstock; 
position  adjustable. 

F  and  F'  —  Bolts  for  clamping 
footstock  to  ways  C. 

G  —  Carriage,  two  parts,  mov- 
able on  ways. 

H  —  Saddle ;  carries  tool  mech- 
anism. 

H'  —  Apron ;  carries  feed  mech- 
anism. 


6.  Footstock. 

May  be    set    over   for 
turning. 


taper 


/  —  Front  screw  of  a  pwr  for 
adjustment  of  upper  part  of  foot- 
stock; back  screw  not  visible. 

J  —  Spindle. 

K  —  Handle  operating  foot- 
stock spindle. 

L  —  Binder  for  clamping  J. 

M  —  Dead  center. 

i\r  —  Oil  well  and  oiler  for  dead 
center. 

7.  Carriage. 

0  — Tool  post. 

(y  —  Screw  for  fastening  cut- 
ting tool. 

P  —  Slide  rest,  rise  and  fall 
type  (or  elevating  rest). 

Q — Handle  for  adjusting  height 
of  tool. 

R — Thread  stop,  used  when 
cutting  screw  threads. 

S  —  Handle  for  operating  long, 
feed  by  hand. 
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Fio.  2. —  14-Inch  Engine  Lathe,  Countebshait,  Line  Qrait,  and 
BEi;r  Connections* 
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T  —  Knob  for  operating  long. 
feed  by  power. 

U  —  Handle  for  operating  cross 
feed  by  hand. 

V  —  Knob  for  operating  cross 
feed  by  power. 

W  —  Lever  for  operating  split 
nut  (half-nuts)  inside  apron  H\ 

X  —  Lead  screw  engaged  by 
split  nut  when  cutting  threads. 

y  — Feed  shaft. 

Z  —  Feed  rack. 

&  Headstock. 

1,  2,  3,  4  —  Steps  on  headstock 
cone.  Belt  on  1,  slowest  speed ;  on 
4,  fastest  speed. 

5  —  Thrust  bearing  and  end 
adjustment. 

6  —  Back  gears. 

7  —  Lever  for  throwing  6  "  in  " 
or  "  out." 

8  —  Face  plate,  slotted  to  re- 
ceive dog. 

9  —  Live  center. 

10  and  ICK  —  Oil  holes  for  live 
q>indl6. 


9. 


Feed, 


11 — Stud  on  feed  spindle; 
transmits  motion  from  lathe 
spindle  to  carriage  for  turning  by 
12, 13, 14, 15,  16  to  feed  shaft  Y; 
for  screw  cutting  by  17, 18,  19  to 
lead  screw  X. 

A  set  of  change  gears  is  supplied 
for  screw  cutting  and  gear  feed. 

12, 13  —  Feed  cones. 

14  — Feed  belt. 

20  —  Index  plate  of  gears,  for 
screw  cutting. 

21  —  Supplementary  radial  arm 
to  carry  two  gears  fixed  on  sleeve, 
for  compounding  change  gears  for 


fine  or  coarse  thread;  serves  to 
connect  22  on  11  to  18,  and  thence 
toX. 

22  — Gear. 

10.  Automatic  Feed  Stop. 

23  —  Automatic  stop  sleeve. 

24  —  Clutch  (23  and  24  used  to 
stop  carriage  automatically  at 
desired  point). 

25  —  Clamping  bolt  (swinging 
13  outward  tightens  feed  belt). 

26  —  Gear  feed.  Remove  belt 
14,  swing  13  until  26  meshes  with 
18.  By  different  combinations  of 
gears  a  large  variety  of  feeds  is 
obtainable.  Six  cone  belt  feeds 
are  provided  by  interchanging 
16  and  26. 

27  —  Reverang  lever;  reverses 
feed    mechanism    in    headstock. 

11.  Countershaft    (friction    type) 

and  Line  Shaft. 

28  —  Speed  belt. 

29  —  Countershaft  cone  pulley. 

30  —  Headstock  cone  pidley. 

31  —  Countershaft  mechanism 
(conasts  of  shaft,  cone  pulley, 
pultey  for  driving  forward  belt, 
pulley  for  driving  backward  belt, 
and  clutch  mechanism). 

32  and  32'  —  Hangers  bolted  to 
hanger  plank. 

33  —  Hanger  plank. 

34  —  line  shaft;  drives  31. 

35  —  Line  shaft  hanger. 

36  —  Hanger  plank. 

37  — Driving  belt,  37  to  42; 
drives  lathe  forward. 

38  —  Backing  belt,  38  to  44; 
drives  lathe  backward. 

39  —  Shipper  pole,  pivoted  to 
33. 
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40  —  Shipper  rod ;  controls  fric- 
tion-clutch mechanism. 

41  —  Expanding  clutch ;  en- 
gages pulley,  driving  lathe  for- 
ward. 

42  —  Driving  pulley. 

43  —  Expanding    clutch ;    en- 


gages pulley,  driving  lathe  back- 
ward. 

44 —  "  Backing  "  puUey. 

(To  run  lathe  "forward,"  push 
shipper  to  left;  clutch  41  engages 
42;  "backward,"  push  shipper 
to  right;  clutch  43  engages  44.) 


Fig.  3.  —  Horizontal  Sbction  of  Engine-Lathe  Headstock. 


12.    Back  Gears  and  Headstock, 
(Fig.  3.) 

Back  gears  are  used  to  reduce 
speed  and  increase  power  of  ma- 
chine.   Ratio  is  about  10  to  1. 

A  —  Cone  pulley;  running  fit 
on  spindle. 

B  —  Spindle. 

C  —  Gear  fast  to  cone  pulley. 

D  —  Gear  keyed  to  spindle  B, 

E  —  Slide  bolt  to  fasten  AtoD. 

F  — Slide  nut. 

G  and  G^  —  Back  gears  fast  on 
sleeve. 

H  —  Sleeve;  running  fit  on 
shaft. 


/  —  Eccentric  shaft. 

J  and  J'  —  Brackets,  part  of 
headstock  casting. 

K  —  Lever  to  rotate  shaft  /, 
throwing  back  gear  "  in  "  or  "  out. " 

L  —  Live  center ;  taper  fit  in  B. 

M  and  M'  —  Oil  holes  (oiled 
before  using  back  gears). 

N  and  N'  —  Oil  holes  (oiled 
before  using  back  gears). 

To  Operate  Back  Gears, 

For  direct  cone  drive,  slide  nut 
F  is  in  slot  in  cone  A,  back  gears 
"out."  To  use  back  gears,  drop 
bolt  E  and  secure,  throw  lever 


Digitized  by  VjOOQ IC 


ENGINE  LATHES 


107 


K  forward.  To  obtun  direct  cone 
speed  again,  throw  lever  back, 
loosen  E  and  revolve  cone  until 
J**  engages  slot  in  A.    Tighten  E. 


Double  and  Triple  Back  Oears. 

To  obtain  a  greater  reduction  of 
speed;  lathes  are  built  double  or 
triple  back  geared. 


Information.  —  Modem  engine  lathes  have  a  micrometer  dial  upon 
the  cross-feed  screw  which  is  convenient  for  fine  adjustments  and  to 
use  in  conjunction  with  micrometer  calipers.  Each  graduation  gives 
a  cut  one-thousandth  in  depth  which  reduces  the  work  two-thou- 
sandths in  diameter.     See  Micrometer  Calipers,  p.  207. 

AUentioTL  —  Gear  guards  are  often  provided  to  prevent  accident 
and  to  keep  dirt  and  chips  from  gear  teeth. 

IS.  A  typical  lathe  apron.  Fig.  4.  — The  apron  of  a  lathe 
carries  the  greater  part  of  the  feed  mechanism.  Fig.  4  shows 
a  lathe  apron  and  the  three  distinct  mechanisms,  the  long, 
feed,  cross  feed,  and  screw-cutting  feed.  The  first  is  used  for 
moving  carriage  back  and  forth  along  bed  for  turning;  the 
second  for  moving  cross  slide  in  and  out  for  squaring;  the 
third;  the  lead  screw  and  split  nut,  for  moving  carriage  along 
bed  for  cutting  screw  threads. 

14.  To  change  direction  of  feeds. — The  reversing  mechanism 
to  change  direction  of  rotation  of  feed  shaft  may  be  in  the  head- 
stock  and  operated  by  lever  27,  Fig.  2,  or  in  the  lathe  apron. 
See  Inspection  of  an  Engine  Lathe,  p.  1402. 

LONG.  FEED.    CROSS  FEED.     LEAD  SCREW 


16.  Long.  Feed. 

A  —  Long,  feed  handle. 

B  —  Pinion. 

C  —  Spur  gear. 

D  —  Sliding  stud. 

E  —  Sliding  pinion,  on  inner 
end  of  stud  D. 

F  —  Feed  rack,  fastened  to 
onder  side  of  bed. 

G  —  Splined  feed  shaft. 

H  —  Feather-keyed  worm  held 
In  bracket  H\ 


J  —  Worm  gear. 

K  —  Friction  clutch  to  connect 
J  and  L. 

L  —  Pinion  fast  to  K. 

M  —  Knob  controlling  clutch 
K.  Hand  long,  feed  is  obtained 
by  rotating  A  which  drives 
through  By  C,  E  to  .F.  Power 
long,  feed  is  obtained  from  G. 
Clutch  K,  shown  out  of  action,  is 
thrown  in,  which  causes  G  to 
drive  through  H,  J,  L,C,E  to  F. 
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16. 

1  — 

2  — 
under 

3  — 
toG. 

4  — 

5  — 

6  — 

7  — 

8  — 

with  7. 

9  —  Cross-feed  pinion. 

10  —  Knob  controlling  posi- 
tion of  8.  Hand  cross  feed  is 
obtained  by  rotating  handle   1. 


Cross  Feed, 

Gross-feed  handle. 
Operating  screw,   in   nut 
cross  slide. 
Bevel  pinion  feather-keyed 

Bevel  gear. 

Pinion  fast  to  4. 

Driving  gear. 

Pinion  fast  to  6. 

Gear    always    in     mesh 


Power  cross  feed  is  obtained  by 
meshing  8  with  9  by  means  of 
knob  10. 

17.  Lead  Screw  and  Split  Nut. 

II  —  Lead  screw. 

III  — Split  nut. 

IIP  —  Split  nut  bracket. 
rV  —  Lever   to   operate    split 
nut  III. 

V  and  y  —  Gams  closing  split 
nutllL 

VI  —  Knob  to  disengage  E  and 
F  when  screw  cutting.  To  op- 
erate for  screw  cutting,  pull  out 
knob  VI,  throw  IV  downward, 
closing  split  nut  III. 


There  are  types  of  lathes,  where  a  splined  lead  screw  per- 
forms the  combined  duty  of  feed  shaft  and  lead  screw,  the 
worm  and  bevel  pinion  being  driven  directly  by  it. 

Attention.  —  Care  should  be  taken  not  to  have  both  long,  feed 
and  lead  screw  thrown  in  at  the  same  time.  Some  lathes 
are  fitted  with  devices  which  will  prevent  this. 

18.  Care  of  machines  and  small  tools.  —  When  through 
using  a  machine,  clean  it,  first  with  a  brush,  then  wipe  with 
cotton  waste. 

Wrenches,  handles,  bolts,  straps,  and  fixtures  should  be 
put  away  in  their  proper  places  so  that  they  may  be  found 
when  wanted.  All  tools  out  on  checks  should  be  returned 
to  the  tool  room  as  soon  as  possible. 

19.  Lathe  box  or  tray  for  tools  and  work.  —  Do  not  place 
tools,  work,  or  other  metallic  objects  on  the  ways  of  a  machine, 
as  they  would  scar  and  affect  their  truth.  A  wooden  box  or 
tray  should  be  supplied  for  the  tools  or  small  work.  It  may 
be  placed  on  the  ways  near  the  end  of  the  lathe.  See  Fig.  1. 
Large  work  should  be  placed  on  a  bench,  truck,  or  the  floor. 
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20.  Attachments  for  lathes.  —  Among  the  attachments  for 
lathes  are  the  taper  attachment,  compound  rest,  steady  rest, 
follower  rest,  and  attachments  for  milling  and  grinding. 


FiQ.  5. —  Engine  Latu£  with  a  Rapid  Ghange-Gi&ar  MECHANisii. 

21.  Stops  for  duplicating  sizes.  —  In  addition  to  the  thread 
stop  some  lathes  are  equipped  with  long,  and  cross-feed  stops. 
After  the  first  piece  is  turned  or  threaded  to  size,  the  back 
stop  is  set  to  check  movement  of  cross  slide.     The  carriage 
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or  long,  stop  is  used  for  shoulders  and  lengths.     By  aid  of 
these  stops  a  number  of  pieces  can  be  duplicated. 

22.  Lathe  with  a  rapid  change-gear  mechanism  for 
threads  and  feeds.  —  Some  lathes,  as  in  Fig.  5,  are  equipped 
with  a  rapid  system  of  change  gears  by  which  different 
threads  or  feeds  are  obtained  quickly. 

Essential  Parts. 


A  —  Change  gears  in  cone  form, 
on  end  of  lead  screw. 

B  —  Handle  operating  change 
gears. 

C  —  Compound  g^rs. 

D  —  Handle  operating  com- 
pound gears. 

E  —  Index  plate,  giving  posi- 


tions for  handles  B  and  D  to  cut 
a  desired  thread. 

F  —  Sector  to  carry  gear  for 
cutting  special  thread. 

G  —  Lever  to  reverse  carriage. 

H  and  K  —  Automatic  car- 
riage stops.  Carriage  stop  (in- 
visible) is  located  on  back  ways 
under  letter  L. 


23.  Cutting  a  screw  using  a  rapid  system  of  change 
gears.  —  To  cut  a  screw  of  five  threads  per  inch,  find  5  on 
index  E  and  place  handle  B  in  notch  and  hole  under  it; 
place  handle  D  under  hole  3  on  compound  gear  box,  which 
is  indicated  in  the  third  column  on  the  same  line  as  5. 

For  threads  given  on  the  index,  no  change  of  gears  is  neces- 
sary. Ge&rs  may  be  calculated  for  other  threads  and  applied 
as  on  the  ordinary  lathe.  The  feed  for  turning  is  four 
times  threads  per  inch  expressed  in  turns  per  inch  of  tool 
travel. 

24.  For  threading  short  screws  the  carriage  may  be  re- 
versed by  moving  reversing  lever  G  up  or  down,  depending  on 
whether  a  right  or  left  thread  is  being  cut;  or  the  automatic 
stops  H  and  K  may  be  used. 

ELECTRICALLY-DRIVEN  MACHINE  TOOLS 

26.  Arrangement  of  machine  tools  for  electric  drive. — 

They  may  be  group-driven  by  electricity  by  using  a  constant- 
speed  motor  to  drive  group  line  shaft,  or  individually  driven 
by  attaching  a  constant  or  variable-speed   motor   to   each 
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machine.  Constant-speed  motors  are  used  on  machines  that 
need  but  little  speed  variation,  or  on  machines  that  have  a 
large  variety  of  mechanical  speed  changes. 

26.  Motor-driven  engine  lathe.   Fig.   6.    Variable  speed 
motor  A  gives  wide  speed  variation.     To  start  lathe,  close 


Fig.  6. —  Motob-Drivbn  Engine  Lathe. 

switch  B  with  controller  handle  C  on  the  "off"  position  as 
shown  at  C.  Move  controller  handle  C  clockwise  to  obtain 
desired  speed.    Throw  in  clutch  D  by  means  of  lever  E. 

To  reverse  motor  or  to  run  the  spindle  backward,  remove  bolt 
on  controller  and  turn  handle  in  opposite  direction. 

The  gear  headstock  consists  of  a  cone  of  gears  on  spindle  con- 
trolled by  lever  F  and  back  gears,  giving  eight  spindle  speeds 
with  power  shaft  running  at  constant  speed.  Back  gear  drive 
is  controlled  by  positive  clutch  lever  G. 
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Thirty Hsix  different  threads  and  feeds  are  obtainable  by  means 
of  levers  H  and  J  in  gear  boxes  K  and  L,  respectively. 

TRUING  AND  ALINING  CENTERS 

27.  Center  gage  A,  Fig.  T,  is  used  for  defining  angles  of 

•60^.    The  large  notch  is  used  for  testing  lathe  centers,  as  B\ 

notches  C  and  D  for  testing  and  setting  outside  threading 


:-^> 
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Fig.  7.  —  Tbstinq  Anqlb  of  Lathe  Center 

tools,  and  E  for  inside  threading  tools.  At  jP  is  a  table  of 
double  depths  of  Sharp  7  threads  for  determining  diameter 
of  tap  drills  by  subtracting  number  in  thousandths  opposite 
pitch  from  diameter  of  tap. 

28.  Requirements  for  successful  use  of  engine  lathes.  — 
Engine  lathes  should  be  accurate  enough  to  turn,  bore  and 
face  straight  and  true,  and  be  equipped  with  an  accurate 
lead  screw  for  screw  cutting. 

To  produce  accurate  work  requires  that  both  live  and 
dead  centers  should  be  true  and  in  accurate  alinement. 
Furthermore,  lathes  wear,  causing  loss  of  alinement ,  and 
looseness  of  working  parts  that  must  be  detected  and  cor- 
rected. 

29.  Lathe  centers.  —  The  dead  center  is  hardened  and  tem- 
pered.   The  live  center  may  or  may  not  be  hardened. 

80.  To  test  truth  of  live  center  of  any  lathe.  —  Move  foot- 
stock  until  dead  center  is  close  to  live  center,  run  lathe  at 
highest  speed,  look  for  error.  Move  lathe  tool  close  to  re- 
volving live  center  or  use  test  indicator. 
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31.   To  true  engine-lathe  cen- 
ters.   Figs.  8  and  9. 


CNQINE  I 
LATHE  I 
CENTER* 

CENTER^S 

TftUINO 
TOOL        I  TOP 

A |viE>w| 


Fig.  8.  —  Locating  Center  in 
Hbadbtocx  Spindle. 


Fig.   9.  —  Truing   Engine-Laths 
Center. 


Speed:- 


SCHEDULE  OF  OPERATIONS 
Live  Center. 
'For  12"  to  16"  engine  lathe,  Sd  speed,  back  gears  out. 


1.  Remove  center 

2.  Clean  hole  and  center  with 
waste. 

3.  Lisert  center  with  lines 
coincident  A,  B,  Fig.  8. 

4.  Drive  center  lightly  with 
lead  hammer. 

5.  Start  lathe;  if  still  out  of 
truCi  use  oenter-trumg  tool  A, 
Pig.  9.  BC  shows  cutting  edge, 
D  the  clearance. 

6.  Fasten  tool  lightly  at  height 
of  center. 


7.  Adjust  edge  to  fit  center. 

8.  Clamp  tool  tightly. 

0.  Run  lathe  at  moderate 
speed. 

10.  Operate  both  long,  and 
cross  feeds  slowly  by  hand. 

11.  Test  with  center  gage. 
Readjust  tool,  if  necessary,  imtil 
center  fits  gage. 

12.  Turn  point  ^  at  a  more 
obtuse  angle.  Portion  F  may  be 
cut  away  in  advance  with  cutting- 
off  tool,  to  facilitate  truing  center. 


Attention.  —  Centers  may  be  trued  by  means  of  a  compound  rest. 
In  an  emergency  a  right  side  tool  may  be  used  back  of  the  center  and 
the  lathe  run  backward. 
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SCHEDULE   OF  OPERATIONS  Canduchd 
Dead  Center. 


L 

Remove  center. 

6.   File  center  with  S'' mill  file. 

2. 

Anneal.          ♦ 

7.   Polish  slightly  with-  fine 

3. 

Insert  in  live  spindle. 

emery  cloth  held  under  file. 

4. 

True  similarly  to  live  center. 

8.   Reharden. 

5. 

Run  lathe  at  high  speed. 

9.   Temper  to  light  straw  color. 

32.  To  grind  hardened  and  soft  lathe  centers,  Fig.  10. 


Fig.  10,  —  Truing  Center  wifh  Electric  Center  Grinder. 


SCHEDULE  OF  OPERATIONS 


L  Mount  center  grinder  A, 
Fig.  10,  in  footstock  spindle  B, 

One  end  of  shank  or  arbor  C, 
fits  taper  hole  in  spindle  B,  and 
the  other  end  fits  hole  in  grinder 
i4.  Clean  center  and  spindle  be- 
fore inserting. 

2.  Start  lathe,  3d  or  4th  speed. 

3.  Connect  electric  cable  D  to 
a  socket,  and  start  grinder. 

4.  Feed  revolving  grinding 
wheel  E  with  footstock  handle  F 
to  lightly  touch  revolving  lathe 
center  G.    Then  grind  by  taking 


light  cuts,  moving  grinding  wheel 
slowly  back  and  forth  along  center 
by  rotating  handle  H. 

Attention.  —  When  necessary  to 
grind  both  centers,  grind  dead 
center  first,  this  leaves  live  center 
true  to  axis  of  rotation. 

Warning,  —  Both  wheel  and 
center  must  revolve  in  same  di- 
rection. 

Information,  —  Electric  center 
grinders  are  obtainable  for  direct 
(D.  C),  alternating  (A.  C),  or 
for  either  (universal)  currents. 
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38.  To  set  dead  center  in  alinement  to  tum  straight.    Figp. 


11  and  12. 


ENOINE  LATHE 
FOOTSTOCK 


Fio.  11.  —  SBTTiNa  Dead  Center  in  Aunbment.    Approximatb 

Methods. 
SCHEDULE  OF  OPERATIONS 


34. 


Two  Approximate  Methods, 


I.  Unclamp  footstock,  Fig.  11, 
and  move  upper  part  A  upon  B  by 
screws  C  and  C  (C  not  shown) 
until  zero  lines  at  D  coincide. 


n.  Move  footstock  until  dead 
center  is  close  to  live  center,  ad- 
just screws  C  and  C,  and  aline 
centers  by  sight. 


36. 


Accurate  Method. 


Matecial,  use  piece  that  you  are  working  on  after  it  is  rough-turned  ^' 
large,  or  trial  piece  the  same  length. 


to  A" 


1.  Set  dead  center  by  Approxi- 
mate Method,  No.  I  or  No.  II. 

2.  Mount  work  on  centers.  Fig. 
12. 

3.  Take  short  light  cut  as  shown 
at  A,  Fig.  12.  .002"  to  .003" 
in  diameter,  estimated,  or  use 
dial  on  cross-feed  handle. 


Take  work  off  center. 

Run  carriage  back  near  dead 
center  without  moving  cross- 
feed  handle. 

Remount  work. 

Take  short  light  cut  as  shown 
dotted  at  B, 

Measure  A  and  B  with  mi- 
crometer. 

If  not  alike,  adjust  foot-stock 
and  repeat  operations. 


Engine  lathe,  12"  to 

16". 
3dspeed,or50F.P.M. 
Fine  power  feed — 140 

tol". 


Dog,  copper  under  set 
screw. 

For  cast  iron  or  brass, 
round-nose  tool. 

For  steel  or  wrought 
iron,  diamond-point 
tool  or  holder  and 
cutter  35**  rake. 


Micrometer. 
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Attentum.  —  In  setting  the  lathe  for  straight  turning  or  fitting,  the 
diameter  at  A,  Fig.  12,  must  be  either  equal  to  B  or  a  fraction  of  a 
thousandth  of  an  inch  larger  than  B,  If  A  is  larger  than  B,  the  error 
can  be  corrected  by  filing;  if  smaller,  the  error  can  not  be  corrected 
and  the  work  is  spoiled. 

While  it  is  best  to  have  a  lathe  set  straight,  an  error  of  a  thousandth 
of  an  inch  either  way  is  permissible  on  such  work  as  turning  pulleys, 
flanges,  and  gear  blanks. 

Note.  — A  test  indicator  and  parallel  mandrel,  preferably  of  the 
length  of  the  work  to  be  turned,  may  also  be  used  to  set  a  lathe  to 
turn  straight.    See  Test  Indicators,  pp.  12lO-12l3. 


Tia,  12.  —  Accurate  Method  op  Setting  Dead  Center  m 

AUNEMENT  FOR  DIFFERENT  KiNDS  OF  WORK. 

CENTER  HOLES 

36.  Center  holes  are  made  in  the  ends  of  material  (stock)  to 
fit  lathe  centers  by  locating  and  drilling  small  holes,  then 
counter-sinking  with  a  60^  countersink,  A  and  B,  Fig.  13. 

The  countersink  should  be  large  enough  to  provide  ample 
bearing  to  prevent  excessive  wear,  and  should  be  in  propor- 
tion to  the  diameter  of  work. 

The  drilled  hole  must  be  deeper  than  countersink  to  pro- 
vide a  reservoir  for  oil  and  to  prevent  lathe  centers  from 
bottoming,  as  at  C,  Fig.  14i  as  this  would  injure  centers  and 
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cause  work  to  run  out  of  true.  Center  holes  must  be  wiped 
clean  before  mounting  on  centers.  Chips  in  center  holes  Z>, 
Fig.  16;  will  spoil  both  work  and  center. 


Fia.  13.  —  Stock  Correctly  Centered  and  Properly  Mounted  on 
Lathe  Centers. 


Fig.  14.  —  Incorrect 
Centering. 


Fig.  16.  —  Stock  Carelessly 
Mounted  on  Centers. 


87.  To  drive  the  work,  dog  E,  Fig.  13,  is  fastened  to  work 
by  screw  F,  and  tail  O  must  be  loose  in  face-plate  slot  H. 
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38-  Table  of  center-hole  dimensions.  Fig.  16.  — These 
center-hole  dimensions  provide  good  bearings  for  ordinary 
lathe  work  to  resist  tool  pressure. 


IH.AN  TO  HAVE  THE  OENTCR  HOLU 

THE  GIVEN  DIMENSIONS 

WHEN  WORK  IS  PINISNEO  TO  BXAOT  LENQTH 


Fig.  16. 


•HD» 


DlA^METEH   OF 
BHArr. 


Diameter 
OF  couirrEB- 

8INKS. 


Drit^  size. 


NEAREST 

64th. 


Gage  No.* 


C.  , 


56 
52 
52 
42 
42 
42 
31 
31 
31 
31 
22 
22 
22 
22 
22 
13 


Depth  of 
hols  >- 


Attention,  —  If  drill  and  countersink  are  within  one  size  they 
will  answer. 

*  Twist  drill  and  steel  wire  gage.    See  PnneipUa  of  Machine  Work 
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39.  Countersinks  or  center  reamers,  Figs.  17,  18,  are 
made  to  an  angle  of  60®.  They  may  be  made  any  desired 
diameter  and  with  straight  shanks,  as  shown,  to  be  held  in 
a  chuck,  or  with  taper  shanks  to  be  inserted  in  taper  collet 
or  machine  ^indle.  They  may  have  several  cutting  lips  as 
in  Fig.  17,  or  but  a  single  cutting  lip  as  in  Fig.  18. 

( — ^ — 1 .  v^     ( — ^ — r7\ 

I  COUNTtmiMR  I  V  ^^^  I  OOUHTSWWIC  I         ^T — — ^ 

Fig.  17.  Fia.  18. 

COUNTERSIKKS  FOR  LaTHE  WoRK. 


B  OOMatMATKM 

Fig.  19. —  Combined  Drill  and  CoinvTERsiNK. 

Combination  center  drill  and  countersink,  Kg.  19,  pro- 
duces a  countersink  central  with  drilled  hole.  At  end  A 
drill  and  countersink  are  one  piece,  while  at  end  B  a  hole  is 
made  in  countersink  and  a  center  drill  inserted  and  held  by  a 
set  screw. 


/ COliwiATIOti f     CT  X. 

I      Aw>w  I — :^y 


Fig.  20.  —  Combined  Drill,  Countersink,  and  Counterborb. 

Fig.  20  shows  a  combination  center  drill  and  countersink 
of  the  solid  type  as  at  end  A^  Fig.  19,  and  in  addition  a  coun- 
terboring  lip  as  at  C  for  rounding  t;he  corners  of  the  counter- 
sink. Combination  cuuntersdnks  of  this  type  are  used  for  cen- 
tering mandrels,  nulling  machine  arbors  and  any  other  work 
that  is  mounted  and  remounted  on  centers  frequently.  Their 
use  also  facilitates  the  squaring  of  work. 
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40.   Hand  method  of  finding  the  centery  drilling  and  coun- 
tersinking.   Figs.  21,  22,  23,  24,  25,  26. 


Fia.  22.  —  Diagram  of  Apphoxz- 
MATB  Center. 


FiQ.  21.  —  Locating  Center 
OP  Stock  with  Divider 
Calipers. 


Fig.  23.  —  Center  Fxtnching. 


SCHEDULE   OF   OPERATIONS 


I.  Grip  stock  A,  Fig.  21, 
in  vise  B.  Smooth  ends  with  file 
and  rub  chalk  on  ends. 

II.  Describe  arcs  with 
divider  calipers  C  (shoulder  C 
placed  on  edge  of  stock)  from 
four  points  with  radius  equal  to 
about  one-half  diameter,  as  at 
Fig.  22. 

III.  Locate  center  D,  Figs. 


22,  23,  by  eye  with  center  punch 
E,  Fig.  23.  Steady  with  finger  F 
and  strike  with  hammer  as 
shown. 

IV.  Mount  on  bench  or 
lathe  centers,  revolve  and  test  its 
truth  with  chalk  near  each  end. 
If  too  much  out  of  true,  set  over 
center  punch  mark  as  at  G,  Fig.  24. 
Repeat  if  necessary. 
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Fig.  24.  —  SEiriNa  Over  Punch  Mark. 


SCHEDULE   OF   OPERATIONS  Concluded 


V.  Enlarge  center  punch 
marks  with  heavier  blows  before 
drilling. 

VI.  Use  speed  lathe,  3d  or  4th 
speed.  Place  drill  A  in  drill 
chuck  B,  Fig.  25,  and  one  end  of 
stock  C  on  dead  center.  Support 
with  hand;  start  lathe,  and  drill 
one  end,  reverse  work  and  drill 
the  other  end. 

Attention. — ^Withdraw  work  oc- 


casionally to  let  out  chips,  and 
oil  into  hole.  Drill  cast  iron  or 
brass  dry;  on  steel  or  wrought 
iron,  use  oil. 

VII.  2d  or  3d  speed.  Place 
countersink  D  in  drill  chuck  E, 
Fig.  26,  hold  stock  F  as  before, 
start  lathe  and  countersink  one 
end  to  desired  size,  reverse  work 
and  countersink  the  other  end. 


CHUCK  B 

3 


M. 


•TOCK  O 


Fig.  25.  —  Center  Drilling,  Hand  Method. 


CtNTM 


Fig.  26.    Countersinking,  Hand  Method. 

41.  To  remove  or  anneal  broken  center  drill.  —  If  the 
broken  piece  of  drill  does  not  drop  out  of  hole  with  the  aid  of 
a  scratch  awl,  strike  stock  with  hammer;  if  it  still  remains, 
the  work  must  be  annealed,  and  the  hole  redrilled. 
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42.  Machine  method  of  finding  the  center,  drilling  and 
countersinking. — In  Fig.  27  is  a  centering  machine  used  to  drill 
and  countersink  center  holes  accurately  in  shafts  of  any  length. 


Fig.  27.  —  Center  Drilling  and  CoxTNTERsmxiNG,  Machine  Method. 

CENTERING  MACHINE  SCHEDULE  OF  PARTS  AND 
OPERATIONS 


A  —  Bed  bolted  to  floor. 

K  —  Gear   mechanism   which 

B  and  B'  —  Universal  chuck 

drives    E    and    F    at    different 

and  operating  lever. 

speeds. 

C  —  Shows  manner  of  holding 

L  —  Handle    operating    both 

stock  to  be  centered. 

spindles. 

D  and  ly  —  Supports. 

M — Ball  lever  for  tipping  head 

J&  — Drill  spindle. 

to  bring  either  spindle  into  aline- 

F  —  Countersink  spindle. 

ment  with  stock. 

G  —  Center  drill. 

N  —  Stock  or  work  stop  for 

H  —  Countersink. 

uniform  drilling. 

J  — Driving  belt. 

0  — Oil  tank. 

Digitized  by  VjOOQ IC 


124 


ADVANCED  MACmNE  WORK 


Warning.  —  The  end  of  stock  must  be  filed  approximately 
flat  and  the  drill  started  slowly  or  the  drill  will  be  liable  to  break. 

43.  Straightening  shafting,  rods,  and  bolts. — As  soon  as 
stock  is  centered,  it  is  mounted  on  centers  and  revolved  by 
hand  and  its  eccentricity  tested  with  chalk.  If  it  is  short 
or  rigid,  it  may  have  to  be  straightened  with  a  hammer  on 
the  anvil;  but  if  slender,  it  may  be  straightened  on  lathe 
centers  or  with  straightening  press. 

44.  To  test  and  straighten  centered  shafts  in  a  lathe. — 
Unturned  work  that  is  centered  is  tested  by  rotating  it  in  lathe 
and  marking  with  chalk.  For  finished  work,  use  copper  tool 
held  in  tool  post  or  a  test  indicator  shown  at  A,  Fig.  28. 


28. — Teshnq  and  Straiohteninq  Shaft  in  Lathb. 


Shank  B  is  held  in  tool  post;  the  cross  slide  is  fed  inward 
until  feeler  C  touches  revolving  shaft  D,  when  pointer  E  will 
indicate  error  in  thousandths  of  an  inch.  With  piece  F  for 
fulcrum  and  bar  G,  the  shaft  is  straightened.    Sometimes  it 


Fig.  29.  —  Straiqhtbning  Shaft  witb  Straightening  Prbsb. 


Digitized  by  VjOOQ IC 


CUTTING  TOOLS  l25 

is  necessary  to  peen  shaft  by  a  few  light  blows  of  hammer 
on  upper  side,  struck  while  shaft  is  pressed  upward. 

46.  Straightening  press.  Fig.  29 — If  shaft  A  is  centered,  it 
is  tested  by  mounting  on  centers  B  and  B^-,  if  not  centered,  it 
is  tested  by  sighting  along  its  length  and  marking  with  chalk 
or  metal  workers'  crayon  (soapstone).  It  is  placed  on  sup- 
ports C  and  C^  with  its  high  side  under  screw  D  and  pres- 
sure is  applied  with  screw  D  and  lever  E. 

CUTTING  TOOLS 

46.  AU  cutting  tools,  may  be  considered  primarily  as 
wedges  driven  into  the  material  to  separate  it.  A  thin- 
edge  tool  cuts  more  easily,  because  it  generates  less  friction, 
distorts  the  chips  less  and  gives  a  greater  freedom  to  their 
removal.  The  edge  must  be  thick  enough  to  carry  a  heavy 
cut  at  a  suitable  speed,  and  have  a  point  of  sufficient  width 
to  stand  the  heat  generated  by  friction.  Excessive  heat 
will  soon  destroy  the  point  of  the  tool.  This  limits  the 
cutting  speeds.  A  portion  of  the  heat  is  conducted  away 
through  the  work  to  the  air  and  from  point  of  tool  to  body 
and  to  air  by  direct  radiation,  and  on  tenacious  metal  by 
the  lubricant.    See  Lubricants  for  Cutting  Tools,  pp.  148-150. 

47.  Sake,  clearance,  and  cutting  angle  defined.  —  Rake  is 
applied  to  angle  of  upper  surface  and  clearance  to  angle  of 
lower  surface.  The  angle  included  between  these  surfaces 
is  the  cutting  angle,  or  angle  of  ^^_ 

,  FRONT    ■*■>»     ^  T  ^ 

keenness. 

4&  Front  rake,  end  clearance, 
and  cutting  angle.  —  Fig.  30  is  a 
side   view  of  a  square-nose  tool 
partially  cut  by  a  plane  giving  a 
section  CAE.    Through  point  A 
lines  AB  and  AD  are  drawn  par-  Fia.  30.  —  Diagram  of  Front 
allel  and  perpendicular  to  the  base      Rake,  Clearance,  and  Cutv 
Une    FO.     The   front-rake    angle      ™a  Angle. 
is  BAC,  positive  when  beloV  and  negative  when  above  AB. 
The  end-clearance  angle  is  EAD.    The  cutting  angle  is  CAE. 
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49.  Side  rake,  side  clearance,  and  cutting  angle.  —  Fig.  31 
is  an  end  view  of  a  right-side  tool  partially  cut  by  a  plane, 

giving  section  K  HM.  Through  point 
H  lines  HJ  and  HL  are  drawn  par- 
allel and  perpendicular  to  the  base  of 
tool  NO.  The  side-rake  angle  is 
JHK.  The  side-clearance  angle 
MHL.  The  cutting  angle  is  KHM. 
60.  The  keenness  of  a  cutting  edge 
is  increased  or  decreased  by  increas- 
FiG.  31.— Diagram  OP  Sn>B  ing    or    decreasing    the    rake   angle. 

Rajce   Sidb  Clearance,  Cast   iron   may    be    cut  successfully 

AND  Cutting  Angle.  .  .  ^^.  -^  ,         .    .  ^  "1 

with  a  cutting   angle   of   from   60^ 

to  75^ ;  steel  and  wrought  iron,  with  a  cutting  angle  of  from 

40°  to  50°.     See  Brass  Finishing,  pp.  633-537. 

61.  Front  and  side  rake  combined.  —  For  clearness  the 
front  rake  and  side  rake  are  shown  on  separate  tools,  but  some 
turning  tools  will  cut  more  effectively  if  the  top  face  is  given 
a  combination  front  and  side  rake  in  varying  degrees  to  suit 
the  nature  of  the  work,  as  the  diamond-point  tool.  Fig.  44. 

62.  "  Rough  square  "  and  "  rough  turn." — Terms  used  to 
name  the  operations  of  removing  the  surplus  material  from  a 
piece  of  metal  by  one  or  more  roughing  cuts  preparatory  to 
finishing. 

63.  "  Finish  square  "  and  "  finish  turn." — Terms  used  to 
name  the  final  finishing  cuts  which  reduce  any  piece  of  metal  to 
required  size. 

LATHE  TOOLS  FOR  CAST  IRON 

64.  Lathe  tools  are  made  of  carbon  steel  and  high-speed 
steel.  See  Holders  and  Cutters,  pp.  30&-309,  3l2,  3l4  and 
Principles  of  Machine  Work, 

66.  A  chart  of  forged  lathe  tools  is  shown  in  Fig.  32.  For 
W  to  12''  lathes,  they  are  made  f '^  X  i^  in  section  and  7^  in 
length;  for  U'' to  IQ"  lathes,  ^''Xl''  section,  9^  in  length. 
Other  sizes  in  proportion.  AfteA>eing  forged  it  is  best  to  file 
them  to  proper  shape  before  they  are  hardened. 
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CHART  OF  f  ORQED  LATHE  TOOLS 
OUTSIDE  TURNING  AND  THREADING 
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Fig.  32. 
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66.  Right  and  left  tools.  —  A  right  tool  cuts  from  right  to 
left  and  a  left  tool  from  left  to  right.  Tools  are  understood 
to  be  right  unless  otherwise  designated. 

67.  The  angles  of  lathe  cutting  tools.  —  In  order  to  select 
the  proper  tool  and  prepare  the  correct  cutting  angle,  the 
student  should  consider  the  kind  and,  if  possible,  the  hard- 
ness of  the  metal  and  whether  for  taking  a  roughing  or  finish- 
ing cut.  If  the  metal  is  very  hard,  the  tool  must  be  ground 
to  a  less  acute  cutting  angle,  the  cutting  speed  reduced, 
or  both. 

68*  Height  of  tool  and  tool  block.  —  Various  devices  are 
used  to  regulate  the  height  of  the  point  of  the  tool.     On 


FiQ.  33.  —  SBTTiNa  Tool  Height  of  Centers  —  Plain  Rest. 

small  lathes  the  rise  and  fall  rest  operated  by  an  elevat- 
ing screw  is  perhaps  the  most  common.  Fig.  33  shows 
a  plain  rest.  The  point  of  tool  A  is  adjusted  in  tool  post 
B  to  height  of  dead  center  C  by  a  tilting  action  of  circular 
wedge  D  in  concave  washer  E  and  the  shank  clamped  by 
screw  G. 
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69.  Round-nose  tool.  —  Fig.  34  shows  a  small  round-nose 
tool  used  for  roughing  and  finishing  cast  iron  or  brass.  Face 
A  has  no  rake,  but  the  sides  have 
10^  clearance.  The  point  is  about 
^^  thick.  B  is  the  cutting  edge  and 
CBD  the  clearance  angle.  Too  little 
clearance  will  cause  the  tool  to  ride 
the  work    and    too   much   will 


ROUND  NOSS 
TOOL 


o  o 


on 


Fio.  34. —  Round-nose  Tool 
FOR  Cast  Iron. 


weaken  the  cutting  edge.  When  dull, 
grind  end  B  and  a  little  on  top  A, 

60.  To  square  with  round-nose  tool.  —  The  scale  or  skin  on 
cast  iron  is  very  hard,  and  the  round-nose  tool  is  used  to 
rough  square  ends  and  remove  surplus  stock,  as  in  Fig.  36. 
Cast   iron  is    machined  dry.     See    Lubricants    for   Cutting 

Tools,  pp.  14&-160. 

The  work  is  mounted  on  centers  and  the  lathe  run  at 
proper  speed;  arrow  1  shows  direction  of  rotation  and  arrow  2 
direction  of  cut.  The  long,  feed  handle  is  held  firmly  with 
one  hand,  while  the  tool  is  fed  with  the  other  operating  the 
cross-feed  handle. 


Fig.  35.  —  Rough  Squarinq 
Cast  Iron. 


Fia.  36.  —  Rough  Turning 
Cast  Iron. 


61.  To  ttun  with  round-nose  tool.  —  For  light  rough  turn- 
ing on  small  diameters  and  for  finish  turning  with  fine  feed,  a 
round-nose  tool  may  be  used  to  advantage  on  cast  iron,  as  in 


Digitized  by  VjOOQ IC 


130 


ADVANCED  MACHINE  WORK 


Fig.  36.  Arrow  3  shows  direction  of  rotation  of  work  and 
arrow  4  direction  of  cut.  It  is  sometimes  necessary  to  slant 
the  tool  to  the  left  to  turn  close  to  a  shoulder  or  dog,  but  the 
tool  must  be  clamped  extra  firm  or  it  may  draw  into  the  work 
and  turn  the  diameter  too  small. 

In  Fig.  37  is  shown  a  large  round-nose  tool  for  turning  or 
facing  large  work.  It  is  ground  to  shape  from  the  bar  and 
given  side  rake  as  at  A,  to  give  freedom  to  removal  of  chips. 


Fia.  37.  —Tool  for  Heavt 
Cuts,  Hough  Squaring 

OR  TXTRNINQ  CaST  IrON. 


p-<!s: 

1 

H 

TOP  VIIW 

t 

'RIpHT  SIDE  TOOl 

roR 

CAtT.mON 

/  /• 

:SIDE  VIEW 

1    1 

Fig.  38.  —  Side  Tool  for  Squaring 
Cast  Iron. 


62.  Side  tool.  —  For  squaring  or  facing  the  ends  of  shafts, 
shoulders,  etc.,  a  right-side  tool,  Fig.  38,  is  used.  The  tool 
has  end  clearance  B,  15°;  side  clearance  C,  10®;  and  side 
rake  D,  15®.  The  angle  B  for  point  F  is  60®.  It  is  forged 
hollow  at  6,  to  facilitate  grinding.  Grinding  is  done  on  top 
A  and  end  B  with  a  little  on  side  C.  Cutting  edge  HI  should 
be  kept  horizontal. 

Fig.  39  shows  a  right-side  tool  suitable  for  heavy  work. 


F^o.  80.  —  SiDz  Tool  for  Heavy  Cuts,  Squaring  Cast  Iron. 
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68.  To  square  an  end  with  side  tool.  —  A  side  tool  is  set  at 
the  height  of  the  center,  as  in  Fig.  40.  On  diameters  not 
larger  than  i",  edge  AB  is  set  at  right  angles  to  the  axis  of 
work,  so  as  to  square  the  whole  end  at  one  cut.  For  large 
diameters  the  point  should  ''  drag  '*  a  little,  as  at  A,  Fig.  41, 


STOCK     ^CIC 
A- 

^ 

DEAD 
OENTEII 

/tTOcJV 

IMHT  SIDE 
TOOL     . 

\V 

wmHT  sios  Toot  ^-f              ^^"-m^y 

•IT  LEVEL                            ^/^ 

WITH  OENTER            ^^^^ 

- 

■ 

Fio.  40.  —  Sn>B  Tool  Set  Hbiqht  or 
Cbntbrs. 

• 

FiQ.  41.  —  Finish  squarino 
Cast  Iron. 

for  both  roughing  and  finishing  cuts.  The  point  A  being 
sUghtly  the  deepest,  the  tool  when  carried  from  center  to  cir- 
cumference will  produce  a  smooth  surface,  provided  the  tool  is 
properly  hardened,  tempered,  and  ground,  and  the  speed  and 
feed  are  correct.  For  some  purposes,  especially  in  squaring 
compositions  of  brass,  a  side  tool  is  fed  inward. 

64.  To  remove  btirr  around  countersink.  —  To  remove  the 
burr  that  remains  around  the  countersink  after  taking  the 
finishing  cut,  feed  the  point  of  tool  up  to  surface  of  work  and 
close  to  dead  center;  then  unclamp  binder  and  relieve  dead 
center  slightly  with  right  hand  and  at  same  moment  sUghtly 
feed  tool  inward  with  left  hand,  which  will  remove  burr;  then 
simultaneously  feed  tool  outward  and  dead  center  back  in 
place. 

66.  Grooved  dead  center  for  squaring.  —  The  extra  opera- 
tion of  removing  burr  around  countersink  when  squaring 
may  be  avoided  and  time  saved  by  using  a  grooved  dead 
center  A,  Fig.  42.  As  point  of  tool  B  may  be  started  or 
terminated  in  groove,  no  burr  remains. 
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66.  To  square  a  shoulder  with  side  tooL  —  To  turn  a  portion 
of  a  piece  of  stock  and  square  the  shoulder,  as  in  Fig.  43,  it  is 
marked  as  at  A,  then  the  cut  taken  to  B,  and  the  shoulder 
squared  to  mark  A.    The  side  tool  is  fed  inward  to  touch  the 


Fig.  42.  —  Grooved  Dead  Center 
FOR  Squaring. 


Fig.  43.  —  Squaring 
Shoulder. 


stock.  A  moderately  fast  speed  is  used  and  the  long,  feed  is 
fed  slowly  with  one  hand,  while  the  cross  feed  is  held  firmly 
with  the  other;  when  the  cut  is  carried  far  enough,  the  long, 
feed  is  held  firmly  and  the  cross  feed  fed  outward. 


:^^>Q 


^<>' 


TOP  VIEW 


tios  View 


D      •*?•••(*  F 

CNO  View 
Fig.  44.  —  Diamomd-point  Tool  for  Cast  Iron. 


67.  Right  diamond-point  tool.  —  Fig.   44  shows    a 
diamond-point  tool.     A  is  the  top  face,  which  is  given  a  com 


right 
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bination  front  and  side  rake,  as  indicated  by  arrows  B  and  C. 
Side  clearance  EF  is  10®,  but  for  a  very  coarse  feed  should  be 
more. 

Cast  iron  of  small  diameter  may  be  turned  by  tools  without 
rake,  but  for  large  diameters  and  heavy  cut«  a  combination 
side  and  front  rake  of  about  15^  is  effective.  The  cutting  is 
done  by  edge  GH  and  point  /,  which  should  be  rounded,  as 
shown  enlarged  at  F,  to  strengthen  it  and  produce  a  smoother 
cut.  The  tool  is  ground  on  the  top  face  A,  and  if  necessary, 
a  little  on  the  side  faces. 

68.  Height  of  lathe  tiiming  tools  in  relation  to  axis  of  work. — 
The  point  of  taper  turning  and  threading  tools  must  be  set  at 


POINT  QF 
NCIQHT  QF  CCNTCII 

ooop 


Fio.  45.  —  DiAMONivpoiNT  Tool  Set  Height  of  Centbrs.    Good. 

hdght  of  center,  as  at  FG,  Fig.  45.     The  student  may  apply 
tids  rule  at  all  times  and  obtaid  good  results. 

69.  Evil  effects  of  setting  a  tool  too  low  or  too  high.  —  A 
tool  point  set  below  the  center  FG,  as  exaggerated  in  Fig.  46, 
increases  the  clearance  and  decreases  front  rake,  will  not  cut 


POINT  OF  TOOi 
TOO  LOW 


Fio.  46.  —  Diamond-point  Tool 
Set  Below  Centers.    Bad. 


Fio.  47.  —  Diamond-point  Tool 
Set  Above  Cbntbbs.    Bad. 


properly,  and  will  dull  quickly.  A  tool  point  too  high  above 
center  FG,  exaggerated  in  Fig.  47,  reduces  the  clearance,  will 
ride  on  the  work  and  soon  destroy  itself  by  friction. 
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70.  Theoretical  height  of  turning  tools  for  straight  work.  — 

In  Fig.  48  is  shown  the  theoretically  correct  height  to  set 
the  point  of  a  tool,  which  increases  its  keenness  and  gives  the 
greatest  support  to  its  cutting  edge.  This  height  is  at  the 
tangent  point  A  of  line  BCj  and  is  located  by  drawing  Une'  T>E 
through  center  of  work  at  90**  to  line  BC.  As  this  ^ves  no 
clearance,  the  tool  in  practice  is  set  slightly  below  this  point. 
After  a  little  training,  one  is  able  to  set  the  tool  point  at 
the  most  suitable  height  in  relation  to  center  FG  for  any 
diameter  of  work. 


HCIQHT  OF  TOOL  POINT 
TNSOIICTIOALLV  CORRCOT 


FiQ.  48.  —  Diamond-point  Tool   Set       Fio.  49. — Rough  Turning 
Theoretical  Height.    Good.  Cast  Iron,  Coabbb  Fxsd. 

71.  Rough  turning  cast  iron.  —  Fig.  49  shows  a  diamond- 
point  tool  taking  a  roughing,  cut  by  power  long,  feed  on  a 
cast-iron  piece  mounted  on  centers  in  an  engine  lathe.  The 
chips  from  cast  iron  break  off  in  small  fragments. 


l^^y^^H 


Fig.  50. — Finish  Txtrning  Fig.  51.  —  Finish  Turnxng 

Cast  Iron,  Fine  Feed.  Cast  Iron,  Fine  Feed. 

72.     To  finish  turn  cast  iron.  —  Fig.  50  shows   diamond- 
point  and  Fig.  51  round-nose  tool  taking  finishing  cuts  (^'0 
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with  fine  feed.  Pig.  52  shows  small  square-uose  tool  and  Fig. 
53,  large  square-nose  tool  taking  finishing  cuts  (.010^)  with 
coarae  feeds. 


Fio.  52. —  Finish  Turning  Cast 
Iron,  Medium  Feed. 


Fio.  53. — Finish  Turnino  Cast 
Iron,  Coarse  Feed. 


GRINDING  LATHE  TOOLS 
73.  To  grind  round-nose  tool.  —  Hold  at  a  suitable  incli- 
nation to  give  clearance,  and  first  grind  the  front  round  by 


Fia.  64.  —  Grindinct  Front  of  Round-nosb  Tool. 


sweeping  shank  of  tool  in  an  arc  of  circle,  rotating  on  heel, 
Fig.  54.    Then  grind  top  as  in  Figs.  55  or  56. 

Warning. — ^Heavy  pressure  when  grinding  on  a  dry  wheel 
or  when  the  water  supply  is  insufficient,  will  be  liable  to  draw 
the  temper  and  destroy  the  tool. 
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Attention.  —  For  Wet  Tool  Grinders  and  GrindstoneB,  see 
Principles  of  Machine  Work. 


FiQ.  55.  —  GniNDiNa  Top  of  Roinn>-N08E  Toou 


Fig.  56.  — QaiNDiKa  Top  of  Round-nosb  Tooi«  on  Grindstone. 


Fia.  57.  —  Gbindxnq  Point  of  Side  Tool. 
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74.  To  grind  right  or  left  side  tooL  —  First  hold  tool  to 
give  clearance  and  angle  of  point,  and  grind  point,  Fig.  57. 
Second,  hold  blade  at  inclination  to  ^ve  necessary  side  rake 
and  grind  top  face,  Fig.  58.     Apply  pressure  and  steady  with 


FiQ.  68.  —  QRnn>nfa  Top  or  Sidb  Toou 


FiQ.  60.  —  GBiNDmo  Sn>B  Facb  of  Sn>B  Toou 

left  hand.    Third,  grind  side  face.   Fig.  59.    Steady,  and 
apply  pressure  with  right  hand* 
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76.  To  grind  right  or  left  diamond-point  tool,  Fig.  60.  — 
Grind  top  face,  applyiDg  pressure  with  left  hand.  Then  hold 
at  angle  to  give  clearance  (same  for  all  metals).  Steady,  and 
apply   pressure  with  right  hand;  grind  one  side,   Fig.  61; 


Fig.  60.  —  Grinding  Top  of  Diamond-Point  Tool. 


Fig.  61.  —  Grinding  Side  Face  of  Diamond-Point  Tool. 

change  hands  and  grind  other  side.    Round  point  same  as 
point  of  round-nose  tool,  Fig.  64. 

76.  To  grind  cutting-off  or  a  Square-thread  tool.  —  First 
file  to  shape  and  width,  with  proper  clearance  on  sides  and 
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end,  harden  and  temper.     Then  grind  on  end  and  top  face 
only.     Grind   end   il    as   in    Fig.    62.     Steady,   and   apply 


FiQ,  62.  —  Grixdinq  End  of  Squabb-thrbad  ob  Cuttino-off  Tool. 


FiQ.  63.  —  GRDCDiNa  Top  of  Squars-thrbad  or  Ci7ttimcm>ff  Toou 


L 


64.  —  Grinding  Top  of  Squarb-thbkad  or  Cuttin€M>ff  Tool  on 
Grindstonb. 


pressure  with  left  hand.     Fig.  63,  B,  and  Fig.  64,  C,  show  two 
methods  of  grinding  top  face  of  any  tool  of  this  class. 
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77.  To  grind  United  States  Standard  or  Sharp  V-tfareading 
tool  to  fit  a  gage.  —  File  tool  to  shape,  harden  and  temper. 
To  grind  U.  S.  S.  tool,  first  grind  one  bevel,  as  at  A,  Fig.  65. 
Clean  gage  and  tool  and  test  angle,  as  at  B.    Grind  second  bevel 


FiQ.  66.  —  Grinding  U.  S.  S.   and  Sharp  V  Thread  Tools. 

to  fit  60®-gage,  as  at  B,  and  grind  point  to  fit  proper  notch  in 
U.  S.  S.  gage,  as  at  C.    See  p.  326.    Grind  top  face. 

If  grinding  V  thread  tool,  grind  to  fit  gage,  as  at  D,    See  pp. 
31^26. 


Fig.  66.  —  Grinding  High-speed  Steel  Cutter  on  a  Wst 
Tool  Grinder. 

78.  To  grind  a  carbon  or  highspeed  steel  removable  cutter, 
clamp  cutter  in  tool  holder,  as  in  Fig.  66,  and  grind  princi- 
pally on  end  and  a  little  on  top  for  rake.  For  other  purposes, 
grind  cutters  similarly  to  forged  tools. 

Warning. — To  avoid  ruining  holder  by  grinding  into  it  when 
sharpening  cutter,  move  cutter  further  out  of  holder,  or  use  special 
oast-iron  grinding  holder  as  shown  at  A,  Fig.  66. 
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79.  To  grind  boring  tool  A,  Fig.  67,  use  corner  of  wheel  to 
grind  rake  B  and  face  of  wheel  to  grind  point  and  clearance. 


WET 
WHEEL 


Fig.  67.  —  Grinding  Boring  Tool. 

80.  Universal  tool  grinder.  —  Machine  method  of  grinding 
lathe  and  planer  tools,  and  duplicating  angles. 


Fig.  68.  —  Dttpuoatinq  Angles  or  Lathb  and  Planer  Toou. 

Ilg.  68  shows  how  to  grind  rake  of  a  right  diamond-point 
tooL  Clamp  diamond-point  A  in  holder  B.  Set  three  grad- 
uated circles,  C,  D,  and  E,  to  readings  obtained  from  chart 
(chart  furnished  with  machine),  or  obtain  setting  by  trial. 
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Move  tool  to  radial  face  of  cup-shaped  emery  wheel  F  with 
hand  wheel  Q.  Garry  tool  back  and  forth  across  wheel  with 
lever  H,     Water  is  supplied  from  pipe  J. 

A  fourth  graduated  circle  on  rear  of  tool  holder  as  shown 
in  detail  at  K,  is  used  in  grinding  bent  tools. 


Fig.  69.  —  Grinding  Side  Tool. 


To  grind  side  faces,  revolve  holder  B  and  set  dials  to  give 
proper  angles.  To  reduce  area  to  be  ground,  tools  may  be 
forged  in  former  blocks,  or  by  hand  to  more  clearance  than 
desired.    The  method  of  grinding  rake  of  a  right  side  tool  is 


TOOL 


70.  —  OiLSTONiNo  Lathb  Toolb. 


shown  in  Fig.  69.     When  correct  angles  and  settings  of  tools 
are  obtained,  they  can  be  accurately  duplicated. 

Round-nose  or  circular  forming  tools  are  located  centrally 
with  a  gage  and  ground  by  swinging  on  a  vertical  axis.  The 
top  is  ground  in  the  usual  way. 
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81.  To  oilstone  tools.  —  Use  fine  manufactured  or  hard 
Arkansas  stone  about  4''  X  }"  X  }''.  Clamp  diamond-point 
tool  A  reversed  in  tool  post  B  and  apply  oilstone  C  as  in 
Fig.  70,  with  long  strokes.  Also  oilstone  side  faces.  Use 
kerosene  oil  for  India,  lard  or  sperm  oil  for  Arkansas,  and  sperm 
or  lard  oil  for  carborundum  stones. 


SETTING  AND  USING  OUTSIDE  CALIPERS 

82.  To  set  outside  calipers  A,  Fig.  71,  by  rule  B  to  length 
CD,  adjust  nut  E  until  lower  point  coincides  with  middle 
of  line  D.  The  width  of  lines  on  steel  rules  is  from  .002^ 
to  .004'. 


Fig.  71.  —  Sbttinq  Outbidb  Califbrs. 

Warning. — A  student  almost  invariably  sets  outside  calipers 
large  and  inside  calipers  small. 

When  extreme  accuracy  is  required,  such  as  turning  work 
to  be  fitted,  the  calipers  should  be  set  by  a  standard  plug 
gage  or  mandrel,  or  work  of  the  desired  diameter. 
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83.  To  measure  diameter  of  lathe  work  with  outside  cali- 
pers. Fig.  72.  — Set  calipers  F  to  size.  Hold  work  Q 
stationary  and  apply  calipers  at  right  angles  to  axis  of  work 
as  HI  J  not  as  JK  or  LM.  Turn  work  with  tool  N  until 
calipers  will  pass  over  it  with  a  light  yet  distinct  touch,  but 


Fia.  72.  —  Mbasurinq  with  Outside  Calipers. 

not  hard  enough  to  spring  calipers  or  to  sustain  their  weight. 
Usually  the  calipers  have  to  be  passed  over  work  a  number 
of  times  to  determine  this  touch. 

84.  To  adjust  the  tool  to  turn  work  to  a  dedred  diameter* 
Fig.  72. —  Move  tool  N  inward  at  end  of  work  to  cut  under 
scale,  start  lathe  and  feed  tool  to  cut  by  hand,  then  throw  in 
power  long,  feed  and  allow  a  travel  of  \"  to  \".  Stop  lathe 
and  test  diameter  with  calipers.  If  correct,  continue  turning; 
but  if  too  large,  start  lathe,  release  power  long,  feed  and  run 
tool  back  to  end  and  again  slightly  advance  tool,  throw  in  long, 
feed  and  so  on  until  correct  diameter  is  obtained. 

Warning Hold  long,  feed  firmly  with  one  hand  while 

releasing  power  feed  with  the  other. 
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86.  To  leant  to  measure  accurately  with  outside  calipers.  — 
Set  calipers  to  rule,  turn  work  until  calipers  will  pass  over  it 
with  a  delicate  touch,  then  test  with  micrometer  calipers. 

86.  To  transfer  a  setting  from  one  pair  of  calipers  to 
another.  Fig.  73.  — Set  inside  calipers  A  to  size  of  hole,  then 
set  outside  calipers  B  by  them.  Bring  lower  points  of  both 
calipers  in  contact  and  steady  as  at  C,  then  adjust  point  D 


FiQ.  73.  —  Transfbrrinq  Meabtjrbmbnt  fbom  iNsma  to  Oursma 

Calipbbs. 

by  nut  E  until  it  touches  point  F.    To  transfer  setting  of 
outside  to  inside  calipers,  reverse  calipers  in  hands  and  adjust. 

CUTTING  SPEEDS,  CUT-METER,  AND  FEEDS 

87.  In  turning,  three  things  must  be  considered: 

First,  the  cutting  speed  in  feet  per  minute,  which  is  con- 
trolled by  the  diameter  of  work  and  speed  obtained  from  the 
table;  it  is  calculated  or  may  be  directly  measured  by  a  cut- 
meter. 

Second,  the  depth  of  cut,  one-half  the  amount  that  the  diam- 
eter is  reduced. 

Third,  the  feed  or  amount  the  tool  advances  per  revolution 
of  work. 
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88.  The  cut-meter.  A,  Fig.  74,  may  be  used  to  measure 
cutting  speed  automatically,  also  speed  of  drills,  milling  cut- 
ters, etc.  It  consists  of  a  case  B,  which  contains  the  magnetic 
mechanism  for  registration.     Scale  C  is  calibrated  to  read  the 


CUT-fMETER 
A 


FiQ.  74.  —  Mbasurino  Cdtting  Spbbd. 

cutting  speed  in  feet  per  minute;  the  0  line  is  on  glass  D.  To 
use  the  cut-meter,  it  is  held  by  handle  E  and  wheel  F 
pressed  against  the  revolving  work  (?. 

89.  Surface  speed  attachment  for  speed  indicator.  —  A  rub- 
ber-tired wheel  A,  Fig.  75,  6"  in  circumference,  is  slipped  over 
point  of  a  speed  indicator.    See  Principles  of 
Machine  Work.    The  wheel  is  pressed  against 
work  as  at  B,  Fig.  75,  and  number  of  revolu- 
tions noted  in  a  given  time,  as  one  minute. 
To  get  surface  speed  in  feet,  divide  number 
Fig.  75.  —  Surface  of  revolutions  per  minute  by  2. 
^rPOR^^EE;      90.   To  find  the  lathe  revolutions,  given 
Indicator.  the  cutting  speed  and  diameter  of  the  work: 

Multiply  the  cutting  speed  by  12  to  reduce  it  to  inches,  then 
divide  by  the  diameter  of  the  work  multiplied  by  3.1416. 
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Example.  —  The  work  is  2"  in  diameter  and  it  is  desired  to 
turn  it  at  35  feet  per  minute.  How  many  lathe  revolutions 
are  necessary? 

35X12 


Solution. 


2  X  3.1416 


67  R.P.M. 


91.  To  find  the  cutting  speed,  given  diameter  of  the  work 
and  lathe  revolutions  per  minute:  Multiply  diameter  of  work 
by  3.1416  and  by  number  of  lathe  revolutions,  then  divide 
by  12. 

Example.  —  The  work  is  2"  in  diameter  and  makes  67  revo- 
lutions per  minute  in  the  lathe.    What  is  the  cutting  speed? 


SoLviion. 


2  X  3.1416  X  67 
12 


35  feet. 


92.  Eight  or  ten  speeds  are  possible  in  an  engine  lathe.  — 
Place  the  belt  on  step  of  cone  that  will  give  the  speed  near- 
est to  that  required. 

TABLE  OF  LATHE  CUTTING  SPEEDS 


Matbriala. 

SpEBOfl  FOR  Roughing. 

Carbon  Steel 
Tools. 

High-speed  Steel 
Tools. 

Cast  iron 

30 
25 
20 
95 

60 

Sted  or  wrought  iron 

50 

Carbon  steel,  annealed 

40 

BrasB  composition 

190 

Speed  for  finishing  is  50%  to  100%  higher  than  roughing 
speed. 

Speed  for  filing  (brass  excepted)  equals  four  times  roughing 
speed. 

Speed  for  filing  brass  equals  three  times  roughing  speed. 

AUeniion.  —  Roughing  cuts  are  not  to  reduce  diameters 
more  than  i^;  and  finishing  cuts,  not  more  than  ^^    Rough- 
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ing  feeds  are  not  to  be  less  than  17  revolutions  per  1^  tool 
travel,  and  finishing  feeds  are  not  to  be  less  than  90  revolu- 
tions  per  I''  tool  travel. 

If  the  above  is  exceeded,  a  less  speed  than  that  given  in 
table  must  be  used. 

For  large  diameters,  use  reduced  speed,  as  the  strain  on 
the  tool  is  greater. 

93.  Cutting  feeds.  —  Lathes  with  belt  feed  are  limited  to 
three  changes;  lathes  with  gear  feed  are  not  limited. 

For  heavy  work,  coarse  feed  is  about  17  lathe  revolutions 
to  l'^  of  tool  travel. 

For  average  work,  medium  feed  is  about  38  lathe  revolu- 
tions to  l'^  of  tool  travel. 

For  average  work,  fine  feed  is  about  90  lathe  revolutions 
to  V  of  tool  travel. 

For  tool  making,  a  feed  of  200  revolutions  is  often  used. 

Attention.  —  A  student  may  use  finer  feeds  until  he  acquires 
some  experience;  about  80  to  l'^  for  roughing  and  140  to  1*' 
for  finishing. 

LUBRICANTS  FOR  CUmNQ  TOOLS 

94.  Some  metals  are  machined  dry,  ofliers  require  a 
lubricant.  —  Cast  iron,  with  about  two  exceptions,  as  tapping 
and  polishing,  must  be  machined  dry.  Steel  and  wrought 
iron,  with  two  exceptions,  as  machining  with  side  or  diamond- 
point  tool  (and  these  are  optional),  must  be  machined  with 
a  lubricant.  A  neglect  of  this  may  cause  destruction  of  both 
tool  and  work.     See  Table  of  Lubricants,  p.  l49. 

A  lubricant  on  tenacious  metal  prevents  excessive  friction 
and  conducts  away  heat,  thus  preserving  the  point  of  the 
tool  and  producing  a  smooth  finish  on  the  work.  It  alsc 
helps  to  carry  away  the  chips. 

Oil.  —  "  Oil "  in  tables  means  lard  oil  or  some  oil  mixture. 
Mixtures  and  compounds  are  often  used  as  substitutes  be- 
cause of  cheapness. 

Note.  —  Never  use  mineral  oils  (lubricating  oils)  for  cutting 
tools.    To  machine  bronze^  see  p.  l49. 
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Metals. 

Ops&a- 
noNB. 

Cast 
Ibon 

Machine 

Steel  or 

Wrought 

Iron. 

Carbon 

OR  HlGH- 

Spbbd 
Steel. 

Cof- 
fer. 

s  s 

An 

(Aluminum. 

Lead. 
Bab- 
Brrx. 

Turning. 
Boring. 

Dry. 

Dry,  oil  or 
soda  water. 

Dry  or  oU. 

MilV. 

Dry. 

Kerosene  or 
turpentine. 

Do-. 

Cutting  oCF. 
Grooving. 

Dry. 

Oilorsoda 
water. 

Oilorsoda 
water. 

MUk. 

Dry. 

Knosene  or 
turpentine. 

Dry, 

Screw  out- 
ling. 

Dry. 

OU. 

OU. 

Milk. 

Dry. 

Kerosene  or 
turpentine. 

Dry. 

Threading 
withdies. 

Diy. 

OiL 

oa. 

Milk. 

Dry. 

Kerosene  or 
turpentine. 

OU. 

Tapping. 

Oil. 

Oil. 

OU. 

Drilling. 

Counter- 
ffinking. 

Counter- 
boring. 

Dry. 
Dry. 

rhy. 

Oilorsoda 

water. 

Oilorsoda 

water. 

OU  or  soda 
water. 

Oa  or  soda 
water. 

MUk. 
MUk. 

Dry. 
Dry. 

Kerosene  or 
turpentine. 

Kerosene  or 
turpentine. 

Oil 
OU. 

C|(Uoking. 

Dry. 

Oilorsoda 
water. 

OU  or  soda 
water. 

Milk. 

Dry. 

Kerosene  or 
turpentine. 

Dry. 

Dry. 

OU. 

OU. 

Milk. 

Dry. 

Kerosene  or 
turpentine. 

Dry. 

Hilling. 

Dry. 

Oil,     soap 
mixture,  or 
soda  water. 

OU,     soap 
mixture,  or 
soda  water. 

Milk. 

Dry. 

Kerosene  or 
turpentine. 

Dry. 

Planing. 

Dry. 

Dry,  oil  or 
soda  water. 

Dry  or  oU. 

MUk. 

Dry. 

Kerosene  or 
turpentine. 

Dry. 

Nuriing. 

Oil. 

Oil. 

OU. 

Milk, 

OU. 

Kerosene  or 
turpentine. 

Dry. 

Filing. 

Dry. 

Dry  or  oil. 

Dry  or  oil. 

Dry  or 
mUk. 

Dry. 

Kerosene  or 
turpentine. 

OU. 

Polishing 
with  em- 
ery cloth. 

Oil. 

1 

OU. 

OU. 

OU. 

OU. 

OU. 

OU. 

•  Warning.  —  When  tapping 
it  jfl  often  neoessaiy  to  use  lard 


oU 


ising  a  die  on  roUed  brass  (not  cast  brass), 
to  prevent  dogging  and  ruining  tap  or  die. 
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Soda  water  (sal  soda  dissolved  in  water)  is^  useful  in 
machining  steel  or  wrought  iron,  and  produces  what  is  known 
ab  a  water  finish. 

Soap  mixture.  —  i  lb.  sal  soda,  i  pt.  lard  oil,  i  pt.  soft 
soap,  10  qts.  water;  boil  one-half  hour.  This  is  good  for 
milling  and  drilling  steel  and  wrought  iron. 

96.  Drilling  extra  hard  steel  such  as  unannealed  carbon 
steel*  —  Use  a  flat  drill,  with  turpentine  or  kerosene  oil  as  a 
lubricant. 

97.  Drilling  glass.  —  Use  a  very  hard  flat  drill,  scratch 
g^ass  with  an  old  file  to  remove  polish  and  use  turpentine  as  a 
lubricant.  Drill  part  way  through,  then  turn  over  and  finish 
from  the  other  side  to  avoid  chipping  surface. 


INSPECriNQ  AND  MEASURING  MATERIAL  (STOCK) 

98.  Inspecting  and  measuring  material  (stock).  —  On 
receiving  a  piece  of  stock,  inspect  it  for  imperfections,  as 
blowholes  in  castings,  flaws  (cold  short)  in  forging  or  bars. 
Stock  for  work  to  be  hardened  must  be  carbon  or  high- 
speed steel.  To  distinguish  high-grade  machine  steel  from 
tool  steel,  a  trial  piece  may  be  tested  by  the  hardening 
process. 

Measure  piece  to  see  if  it  is  large  enough  to  finish  to 
dimensions  ^ven  on  the  drawing.  If  the  piece  be  a  rough 
casting  or  forging,  there  should  be  at  least  ^^  surplus  stock; 
if  smooth,  tV'^. 

When  requested  to  finish  work  begun  by  another,  inspect 
and  measure  it,  and  make  a  note  of  its  condition,  that  you 
may  not  be  held  responsible  for  errors  not  your  own. 

99.  Rough  turn  all  over  before  finishing.  —  As  metals 
alter  in  form  when  the  skin  or  outside  is  removed,  when 
possible  remove  the  skin  from  all  surfaces  before  finishing 
any  part.  An  exception  is  made  in  some  classes  of  lathe 
work,  as  a  shaft  which  is  squared  to  exact  length  before 
the  diameter  is  roughed  out. 
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lOO.  When  and  how  to  oil  the  bearings  of  machine  tools.  — 

All  bearings  must  be  regulariy  oiled.  Use  good  lubricating 
oil,  — machine  oil,  not  lard  oil.  If  the  oil  does  not  sink  into 
the  oil  holes,  they  should  be  cleared  out.  A  few  drops  of  oil 
in  each  bearing  is  enough,  Fig.  76.     Flat  bearings,  as  tht 


Fig.  76.  —  Oilinq  Spindud  Fiq.  77.  —  OnjNa  Wats  of 

OF  A  Machine.  a  MAcmNB. 

ways  of  a  lathe,  should  be  wiped  with  waste  before  oiling 
and  the  oil  distributed  with  the  fingers.  Fig.  77.  Oil  twice 
a  day.     All  automatic  oilers  should  be  filled  periodically. 

101.  Treatment  when  bearings  rough  up  and  machine  stops 
from  lack  of  oil  or  too  close  adjustment.  —  First  force  in  a 
Uberal  quantity  of  oil;  if  this  does  not  release  the  bearing, 
force  in  naphtha  or  benzine  and  then  more  oil;  if  the  latter 
is  not  effective,  take  the  bearing  apart  and  smooth  the  rough 
places  on  the  journal  by  filing  and  those  in  the  box  by  scrap- 
ing or  filing.  Then  wipe  clean,  oil  freely,  and  put  bearing 
together  and  adjust  to  run  loosely  for  a  while.% 

102.  To  prevent  rusting  or  corroding  of  machine  or  finished 
work,  coat  with  vaseline  or  thin  oil.  When  tools  or  machines 
are  not  in  use,  coat  with  a  thick  oil.  The  rust  should  be 
removed  from  a  surface  before  it  is  oiled  or  rusting  will 
continue. 

103.  Putting  on  and  pushing  off  belts.  —  An  ordinary  over- 
head belt  IS  thrown  off  by  pressing  with  a  pole  against  the  edge 
of  the  belt  at  the  receiving  side  of  driving  pulley.  This  belt 
may  be  replaced  by  arranging  belt  upon  driven  pulley  and 
then  pushing  belt  upon  driving  pulley  by  starting  it  at  the 
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receiving  side  with  a  pole  that  has  a  bent  piece  of  iron  fastened 
to  its  end.  For  large  belts,  a  ladder  must  be  used  and  the 
belt  pushed  on  by  hand.  A  stout  cord  may  be  used  to  pull  on 
large  belts. 

101.  To  change  to  higher  speed.  —  Start  lathe,  push  belt 
off  step  of  head  cone  with  right  hand.  Press  lightly  against 
inside  of  down-running  belt  with  either  hand  to  take  up  slack 
and  with  other  hand  push  the  up-running  side  of  belt  to  the 
desired  step  on  counter  cone,  then  with  left  hand  press  belt 
on  to  head  cone. 

106.  To  change  to  lower  speed.  —  If  belt  is  on  largest  step 
of  counter  cone,  with  left  hand  pull  it  on  to  desired  step,  then 
with  same  hand  press  belt  on  to  corresponding  step  of  head 
cone.  If,  however,  belt  is  not  on  largest  step,  first  push  it 
off  step  of  head  cone  with  right  hand. 
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SECTION  2 

LATHE  WORK 

Time  Element  and  Schedule  of  Operatione.    Centering^  Squaring,  and 
Straight  Turning.    Filing  Lathe  Woik.    Micrometer  and  Vernier  Cali- 
pers.   Dimension-Limit  System.   Fits  in  Machine  Construction 
witfi  Tables  of  Allowances.     Standard  and  Limit  Gages. 
Taper  Turning  and  Fitting.    Straight  Tuning  and  Fitting. 

TIME  ELEMENT  AND  SCHEDULE  OF  OPERATIONS 

1.  Schedules  of  Operations.  —  The  problems  in  this  book  are 
presented  in  schedule  form.  Each  operation  is  given  in  its 
logical  order  together  with  machines,  tools,  speeds,  feeds,  and 
time.  Such  schedules  are  the  fundamental  and  necessary  bases 
of  all  efficiency  systems.  They  make  teaching  efystematic;  learn- 
ing rapid;  and  promote  industrial  efficiency. 

A  multiple  schedule  for  two  or  more  duplicate  pieces  is 
the  same  as  for  a  single  piece>  except  that  each  operation 
is  performed  on  all  pieces  before  beginning  the  next. 

2.  The  time  element  in  the  schedules  includes  grinding  of 
tools,  and  is  the  average  time  required  by  an  experienced  work- 
man for  completing  the  given  problem.  Students  and  other 
beginners  will  take  from  50%  to  100%  more  time  on  the  intro- 
ductory problems,  but  as  they  become  familiar  with  the  tools 
and  machines  this  excess  time  is  reduced  to  25%  or  less,  de- 
pending on  the  ability  of  the  student  and  the  efficiency  of  the 
equipment  and  instruction. 

8.  The  student  may  begin  lathe  work  by  turning  soft  cast 
iron,  as  it  machines  more  easily  than  steel  or  wrought  iron; 
the  cutting  angles  of  the  tools  are  easy  to  shape,  and  the 
material  is  not  expensive.    See  pp.  102,  203~205. 

4.  To  mount  work  on  lathe  centers.  —  Clean  center  holes 
and  centers  with  waste.  Fasten  dog  on  work  (see  p.  Il8), 
mount  on  Uve  center.     With  left  hand  under  end  of  work, 
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hold  work  in  line  with  dead  center;  move  and  clamp  foot- 
stock  width  of  tool  block  from  end  of  work.  Oil  dead 
center.  With  the  little  finger  of  left  hand  to  guide  the 
dead  center  into  center  hole,  screw  out  spindle  with  the 
right  hand  until  there  is  no  end  movement.  To  test  ad- 
justment, move  tail  of  dog  back  and  forth;  when  right  a 
slight  resistance  is  felt  by  the  hand;  clamp  binder. 

Warning.  —  When  taking  a  heavy  cut  or  rotating  work  at 
a  high  speed,  the  work  will  heat  and  expand  and  thus  bind  on 
the  centers.  The  student  should  relieve  and  oil  the  dead 
center  occasionally.  If  this  is  neglected,  a  "  hot  center ''  wHl 
result,  which  ueiually  destroys  both  work  and  center, 

6.  To  turn  work  to  one  diameter  from  end  to  end. — 
First,  set  tool  to  take  roughing  cut  and  turn  approximately 
one-half  the  length   (Fig.  1).    Stop  feed,  then  stop  lathe. 


OINTKK 


HICHT  OlAMOMO 


Fig.  1.  —  Rough  Turning  Shaft  from  End  to  End,  First  Half. 

Take  work  out  of  lathe  and  run  carriage  back  by  hand  to 
dead  center.  Do  not  disturb  cross  feed.  Fasten  dog  on 
turned  end  A\  Fig.  2,  with  a  piece  of  copper  D  under  set 
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screw  to  avoid  scarring  work. 


Again  mount  work  on  centers 
and  turn  off  half  marked 
B\  Regrind  tool  and  fol- 
low same  method  with 
finishing  cUt. 


Fio.  2.  —  Rough  Turning  Shaft  from  End  to  End,  Second  Halt. 

CENTERING,  SQUARING  AND  STRAIGHT  TURNING 
6.  To  center,  square  and  turn  straight.    See  Hgs.  3  and  4. 


Fig.  3. 

Specifications:  Material,  iron  casting  \"  large;  weight,  2  lb. 
8  oz.y  Fig.  3,  free  from  visible  defects. 
Hardness,  28  to  32  (scleroscope). 
Oil  bearings  of  lathe  with  machine  oil. 
True  live  center.    Set  dead  center  in  approximate  aline- 
ment,  see  p.  Il6.     Carbon-steel  cutting  tools.     See  Excep- 
tion, p.  205. 

Time:  Study  drawing  and  schedule  in  advance,  10  min. — 
Oil  lathe,  4  min.  —  Hand  center  and  square,  19  min. — 
Bough  and  finish  turn,  23  min.  —  Clean  lathe,  3  min. — 
Total,  59  min.     (Machine  center  and  square,  17  min.) 
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Fig.  4. — Schedule  DuAwma  of  Centering,  Squaring  and  Straight 

Turning. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


Machines,  Speeds, 
Feeds. 


TooiiS. 


Snag.  Center  by  hand  method, 
pp.  121. 122.  Center  holes  A'' 
diameter,  (1),  (2). 


Mount  and  adjust  on  centers. 
Rough  square  (3),  round  nose  in- 
ward, heavy  cut,  and  side  tool  out- 
ward, light  cuts.  Reverse  work 
on  centers  and  repeat  on  (4) .  Test 
length  with  calipers.  Take  light 
cuts  outward  on  (4)  until  work 
measures  8"  +  A  "•    Remove  dog. 

Reoenter  to  A".  («)»  (6) 

Finish  square  (7)  one  cut.  Reverse 
work  on  centers  and  repeat  on  (8). 
Test  length  with  calipers.  Take 
light  cuts  on  (8)  until  work  meas- 
ures 8".  To  remove  burr  around 
countersinks,  see  p.  131.  Test 
flatness  of  end  with  steel  rule. 

Rough  turn  to  lA"+A".  (»)  one 
cut.  See  Figs.  1,  2.  Test  with 
calipers  at  ends  and  middle. 


Regrind  and  oilstone  tool. 
Finish  turn  to  1^'',  (10),  one  cut. 
Seep.  134. 


Test  with  micrometer  calipers,  at 
both  ends  and  middle.  Limit 
allowed  .001".  Stamp  name  on 
end. 

Clean  lathe. 


Speed  lathe,  8"  to 
12".  3d  or  4th 
speed,  or  1400 
R.P.M.*;  coun- 
tersink 3d  speed 
or  700  R.P.M. 

Engine  lathe,  12" 
to  16".  1st  or 
2d  speed,  or  40 
F.P.M.f  Hand 
feed. 


Speed  lathe. 

Engine  lathe.  2d 
or  3d  speed,  or 
eOF.P.M.Hand 
feed. 


1st  or  2d  speed,  or 
26  to  40  F.P.M. 
Medium  power 
feed— 80  to  1"J 


2d  or  3d  speed,  or 
66  F.P.M.  Fine 
power  feed  — 
140  to  1". 


Vise,  hammer, 

chisel,  file,  chalk, 
dividers  or  di- 
vider calipers, 
center  punch,  A" 
drill,  60°  counter- 
sink, rule. 

Dog,  round  -  nose 
tool,  side  tool 
15°  rake,  cali- 
pers, 12''  steel 
rule. 


Drill,    countersink. 

Side  tool  16°  rake, 

calipers,  rule. 


Copper  under  set 
screw  of  dog, 
diamond-point 
tool  16°  rake, 
small  calipers,  3" 
steel  rule. 

Diamond-point  tool 
15°  rake,  or 
round-nose  tool, 
calipers,  rule. 

Micrometer,  steel 
name  stamp, 
machinists*  ham- 
mer, vise,  copper 
jaws. 

Brush  and  waste. 


R.P.M.  =  revolutions  per  minute.  t  F.P.M.  =  feet  per  minute, 

t  80  to  X"  =  80  revolutions  of  work  to  1"  of  tool  travel. 
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Waning. — Da  not  recenter  work  after  the  diameter  has 
been  turned  because  the  center  reamer  cuts  uneven^  and 
throws  the  work  out  of  true. 

AUention,  —  If  necessary,  when  roughing  the  tool  may  be 
removed  and  reground,  but  in  finishing  it  should  be  prepared 
to  carry  its  cut  without  regrinding. 

Note.  —  When  squaring,  hold  long,  feed  handle  firmly  with 
one  hand  while  operating  cross  feed  handle  with  the  other. 

CatUion.  — As  a  heavy  cut  may  draw  the  tool  inward, 
caliper  occasionally  and  readjust  tool,  if  need  be,  to  avoid 
roughing  diameter  too  smalL 

Exception. —  If  a  schedule  says ''  carbon-steel  cutting  tools '' 
and  it  is  desired  to  change  to  ''high-speed  steel  or  steUite," 
the  cutting  speed  may  be  increased  from  50%  to  100%. 

If  a  schedule  says  "  high-speed  steel  or  steUite  cutting  tools '' 
and  it  is  desired  to  change  to  "carbon-steel''  the  cutting 
speed  must  be  reduced  25%  to  50%. 

FILING  LATHE  WORK 

7.  Lathe  work  is  filed  to  remove  tool  marks,  to  make  a 
fit,  to  produce  an  exact  diameter,  and  also  to  prepare  the 
surface  for  polishing.  A  small  amount  of  filing  improves 
the  condition  of  the  work;  excessive  or  careless  filing  will 
destroy  its  truth. 

8.  Mill  files  are  best  for  lathe  work,  files  single-cut  (some- 
times called  floats),  as  at  C,  Fig.  5.  A  mill  bastard  is  use- 
ful for  a  large  variety  of  lathe  filing,  but  a  mill  2d  cut  is  only 
used  for  finer  classes  of  work.   See  Principles  of  Machine  Work. 

9.  Speed  for  filing.  —  If  work  is  revolved  at  too  high  a 
speed,  the  file  will  not  bite,  but  will  simply  glaze  the  work  and 
rapidly  destroy  itself.  As  a  rule,  in  filing  steel  and  cast 
iron  the  lathe  may  be  run  at  a  speed  between  four  and 
five  times  faster  than  .that  used  in  taking  the  roughing  cut. 
Cast  iron  must  be  filed  dry.  See  Table  of  Cutting  Speeds, 
p.  147.  On  brass,  the  rule  is  from  two  to  three  times  the 
roughing  speed. 
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On  work  1^^  and  less  in  diameter,  run  engine  lathe  at  its 
fastest  speed.  Small  work  ^^  and  less  may  be  filed  in  the 
speed  lathe. 

Warning.  —  To  avoid  a  hot  center  when  filing,  loosen  and 
oil  the  dead  center  before  and  occasionally  after  increasing 
the  speed. 

10.  To  hold  and  to  use  a  file  on  lathe  work.  —  The  work 
Af  Fig.  5i  is  revolved  at  a  moderately  fast  speed  in  the  direc-* 
tion  of  arrow  B,  Good  results  are  obtained  by  moving  mill 
file  C  at  right  angles  to  the  work  as  at  Z).  If  the  work  to  be 
filed  {A')  is  a  tenacious  metal  such  as  machine  steel  or 
wrought  iron,  hold  file  at  an  angle  of  about  10^  as  at  C  but 
move  it  at  right  angles  as  at  D'  which  increases  the  cutting 
angle  from  23^  to  33^.     The  stroke  should  be  long  but  slower 


Fig.  5.  —  Filing  in  Lathe. 

than  in  vise  work  in  order  that  the  work  may  make  a  number 
of  revolutions  during  each  stroke;  the  pressure  should  be 
lighter,  as  the  number  of  teeth  in  contact  are  fewer. 

Note,— A  file  may  be  moved  slightly  from  left  to  right;  that  is,  against 
its  tendency  to  glide  on  its  forward  stroke,  but  not  from  right  to  left  as  it 
may  chatter. 

Attention.  —  Clean  the  file  frequently  with  a  file  card  to 
remove  chips,  or  they  will  scratch  the  work. 

11.  To  finish  radial  or  side  surfaces.  —  A  hand  file  is  some- 
times used,  but  preferably  use  a  scraper.     See  p.  426. 
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12.  Round  and  half-round  files  for  lathe  work.  —  Fillets 
and  concave  surfaces  are  generally  made  with  forming  tools 
and  scraped  with  hand  tools.  To  poUsh  such  surfaces,  they 
may  be  prepared  by  filing  with  round  or  half-round  files,  giving 
the  file  on  its  forward  stroke  a  slight  sweep  following  the  curve. 
See  Lubricants  for  Cutting  Tools,  pp.  l48r-l60. 

MICROMETER  CALIPERS 

13.  The  micrometer  principle  consists  of  a  combination  of 
an  accurate  screw  and  graduated  head  or  nut  by  which  fine 
measurements  and  adjustments  may  be  obtained.  It  is  ap- 
plied to  feed  screws  of  lathes,  planers,  milling  and  grinding 
machines,  etc.,  and  to  instruments  of  precision,  as  the  microm- 
eter caliper,  Fig.  6,  which  consists  of  frame  A  and  barrel  B\ 


Fig.  6.  —  Measuring  with  Micrometer  Caliper. 

in  the  end  of  the  barrel  is  a  fixed  nut  through  which  passes 
screw  C.  The  caliper  is  graduated  to  read  in  thousandths  of 
an  inch,  but  half,  quarter,  and  tenths  of  thousandths  may  be 
readily  estimated. 

14.  To  measure  work  with  micrometer.  —  Place  shaft  E 
between  the  faces.  Rotate  thimble  F  with  thumb  and  finger 
until  a  light  but  distinct  contact  is  obtained.  Prove  results 
by  moving  micrometer  up  and  down  on  shaft  E,  or  by  passing 
work  between  micrometer  anvil  D  and  screw  C  with  a  slight 
rotative  motion. 
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16.  To  read  mlcroineter.  —  Screw  C  has  40  threads  to  the 
inch;  the  graduations  on  barrel  £  are  40  to  the  inch.  One  revo- 
lution of  the  screw  opens  the  caliper  one-fortieth  of  an  inch, 
or  .026'^.  Thimble F  is  graduated  into  twenty-five  parts.  Each 
division  when  passing  the  axial  line  on  barrel  indicates  one- 
twenty-fifth  of  one-fortieth  of  an  inch  (^  X  ^  =  t^^")* 

Readihg.  —  Every  fourth  division  on  the  barrel  is  figured 
1,  2,  3,  4,  etc.,  and  may  be  read  0.100",  0.200^^,  etc.;  the  figure 
3  may  be  read  0.300"  and  the  three  additional  divisions  as 
0.076",  making  0.376"  on  barrel.  Then  add  the  two  divi- 
sions or  0.002"  on  the  thimble,  which  makes  the  complete 
measurement  0.377". 

Attention.  —  A  student  occasionally  reads  the  example  at 
MN  backward  from  zero  and  obtains  .377"  instead  of  .373". 

16.  Adjusting  the  anvil  to  correct  error.  —  If  zero  lines  do 
not  coincide  when  anvil  and  screw  are  clean  and  in  contact, 
adjust  anvil  D  by  screw  G,  first  loosening  screw  H. 

17.  Lock  nut  K  may  be  used  to  clamp  the  screw  and 
preserve  any  setting. 

18.  Speeder  and  friction  slip  consists  of  a  ratchet  and 
pawl  used  as  a  speeder  for  the  rapid  movement  of  screw,  and 
as  a  friction  slip  so  that  the  same  pressure  of  contact  may  be 
obtained  at  every  reading. 


Fio.  7.  —  Measuring  Work  with  Micrometer  Held  with  One  Hand. 
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19.  A  one-hand  method  of  measuring  with  a  micrometer. 

Fig.  7.  —  Hold  work  A  with  left  hand  and  insert  third  finger 
of  right  hand  into  frame  to  steady  caliper  B.  Adjust  screw  C 
to  work  by  rotating  the  thimble  with  the  thumb  and  first 
finger. 

20.  To  measure  work  in  a  lathe  with  micrometer.    Fig.  8. 
—  Hold  frame  A  over  work  B  and  operate  thimble  C. 


Fia.  8.  —  MBASURiNa  Work  in  the  Lathe  with  Micrometer. 

21.  Large  micrometer  and  stand.  —  Micrometer  stand  A, 
in  Fig.  9r  on  bench  B,  not  only  protects  micrometer  C  from 


MICROMETEIt 
CAUPCR 

0 


Fio.  9.  —  Meajstjrino  Work  on  Bench  with  Micrombteb. 

Injury,  but  avoids  expansion  due  to  the  heat  of  the  hand. 
To  meiasure,  hold  work  D  as  shown.    This  micrometer  is  of 
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the  interchangeable  anvil  type.  One  of  the  shorter  anvils 
is  shown  at  F. 

Standard  end-measuring  rods  and  disks  are  supplied  with 
micrometers  measuring  more  than  one  inch,  to  test  their 
accuracy. 

22.  Decimal  equivalents  of  common  fractions.  —  As  mi- 
crometers are  graduated  to  read  decimally,  the  common 
fractions  and  their  decimal  equivalents  are  stamped  on  the 
frames.  A  student  should  memorize  the  decimal  equivalents 
of.  such  fraction^  as  ^"j  Y,  ^"j  ^'',  -^"^  and  -g^j^. 

TABLE    OF    COMMON    FRACTIONS    AND    DECIMAL 
EQUIVALENTS 


A 

A 

'h 

it 

A 

i 

A 

A 

a 

a 

"a" 

"h 

H 

>. 

ii 

u 

M 

H 

\''r 

i 

n 

'"ii 

n 

it 

'n 

tt 

.015625 

H 

.03125 

H 

.046875 

«l 

.0625 

ft 

.078126 



H 

.09375 

iS 

. 109375 

H 

.125 

.140625 

n 

.15625 

H 

. 171875 

H 

.1875 

U 

.203125 

H 

. 21875 

H 

.234375 

n 

.250 

} 

.265625 

« 

. 28125 

H 

.  .  . 

.296875 

tt 

.3125 

H 

.328125 

« 

.34375 

li 

.359375 

H 

.375 

I 

.390625 

a 

.40625 

H 

. 421875 

« 

.4375 

« 

.453125 

u 

.46875 

H 

.484375 

...... 

a 

.500 

1 

.515626 
.53125 
.546876 
.5625 
.578125 
.59375 
.609376 
.625 
.640626 
.65625 
.671876 
.6875 
.703125 
.71875 
.734375 
.750 
.765626 
.78125 
.796875 
.8125 
.828125 
.84375 
.859375 
.875 
.890626 
.90625 
.921875 
.9375 
.953125 
.96875 
.984376 
1.000000 


See  Metric  Micrometer,  p.  1333. 
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2S.  Vernier  principle.  —  Some  instruments  of  precision 
have  in  conjunction  with  the  main  rule  (or  scale)  a  short 
movable  scale,  called  a  vernier,  to  read  fractional  parts  of  the 
smallest  divisions  Sn  the  main  rule. 

The  vernier  is  divided  into  one  more  or  one  less  divisions 
than  a  given  number  of  divisions  on  the  rule.  A  division  on 
the  rule  thus  differs  from  a  division  on  the  vernier  by  the 
fraction  shown  by  1  divided  by  the  number  of  divisions  on 
vernier. 

Rule  A,  Pig.  10,  is  divided  into  inches,  tenths,  and  forti- 
eths {-^'^  «  .026*).     Vernier  B  is  divided  into  twenty-five 

0  RULE  All  2 
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FiQ.  10.  —  Vebnujr  PRiNcn^LB. 

divisions  which  equal  twenty-four  divisions  on  rule  A.  As 
each  division  on  rule  A  is  .026''  (^V)*  each  division  on 
vernier  B  is  .024''  or  .OOl''  less  (/o'^XA"  ^tiAjit  "  ==  .001"). 

If  the  zero  line  on  vernier  is  set  to  coincide  with  the  zero 
line  or  any  line  on  rule  A,  the  next  two  lines  to  the  right  will 
differ  from  each  other  by  .00 1'',  and  the  difference  will  increase 
.001'  for  each  division.  ^ 

24.  Example  in  reading. — Firsts  read  the  rvle.  Each  tenth 
is  read  .100''  and  each  fortieth  .025".  The  first  line  on  rule 
to  left  of  zero  line  on  vernier  is  distant  from  zero  line  on  rule 
.300"  and  three  fortieths,  .076",  which  gives  1.376". 

Second,  read  vernier.  Counting  to  the  right,  we  find  that 
the  second  line  on  the  vernier  B  coincides  with  a  line  on  the 
rule  as  indicated  by  arrows.  The  distance  from  the  zero  line 
on  the  vernier  to  the  coinciding  lines  is  .002". 

Third,  to  reading  of  rule  add  reading  of  vernier  to  obtain 
complete  measurement.    Thus:  1.376"  +  .002"  -  1.377''. 
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25.  The  application  of  vernier  principle  to  tlie  yemier 
caliper.  —  In  Fig.  11  each  inch  of  beam  C  is  divided  into  40 
parts,  and  vernier  D,  attached  to  sliding  head  E,  into  25 
parts.  To  measure  work,  as  shaft  F,  the  caliper  is  placed 
over  the  shaft  and  the  sliding  head  is  moved  to  bring 
sliding  jaw  G  and  solid  jaw  i?  in  contact  with  shaft, 
clamp  K  is  fastened  to  beam  by  thumb  screw  L.  The 
jaws  are  made  to  touch  shaft  delicately  yet  distinctly  by 
adjusting  nut  My  after  which  head  E  is  fastened  to  the  beam 


.  OF  HUB  R« 

»      l.t77*V.tii^  I.tt7" 

\        OR  ifVott" 
Fig.  11.  —  Mbasurinq  with  Vernier  Caliper. 

by  thumb  screw  N.  The  caliper  reads  the  same  as  the  former 
example,  Fig.  10,  that  is:  1.377''  or  If''  +  .002''.  It  is  best 
to  use  a  magnifying  glass  to  read  or  set  a  vernier  caliper. 

26.  To  obtain  inside  measurements  with  a  vernier  caliper.  — 
To  take  inside  measurements,  as  the  bore  of  hub  P  shown 
dotted,  the  caliper  is  read  exactly  as  above,  then  the  width 
of  the  points  of  the  jaws,  which  differ  with  the  size  of  the 
caliper  is  added.  For  the  caliper  in  Fig.  11  two  hundred  and 
fifty  thousandths  of  an  inch  (0.250'')  must  be  thus  added  to 
the  reading  on  the  vernier  side. 
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27.  Vernier  caliper  as  a  caliper  square.  —  The  vernier 
caliper  may  be  used  as  a  caliper  square  for  ordinary  outside 
and  inside  measurements  by  reading  the  back  of  beam  C, 
which  is  graduated  to  read  to  64ths. 

28*  A  ten-thousandth  micrometer.  —  Micrometer  calipers 
are  obtainable  to  read 
to  the  tenth  part  of  a 
thousandth  of  an  inch. 
A  vernier  of  ten  divi- 
sions is  marked  on  the 
barrel  A,  Fig.  12,  and 
in  the  space  occupied  by 
nine  divisions  on  the 
thimble  £•  The  microm- 
eter reads  .25(r+.    To 


Fig.  12. — ^A  Ten-thousandth  Micrometbe. 


read  the  vernier  to  obtain  the  fourth  decimal  place,  locate 
the  line  on  the  vernier,  as  line  6,  which  coincides  with  a 
line  on  the  thimble,  and  add  .0006''  to  reading,  as  .250^  + 
.0006''  -  .2506''  or  i  +  .0006". 

DIMENSION-LIMIT  SYSTEM 

29.  Drawings  giving  dimension  limits  and  indicatbig  the 
measuring  tools  are  given  for  accurate  work,  the  systems 
varying.    See  Limit  System,  p.  1303. 

Certain  dimensions  may  be  t^vt''  or  j^V  under  or  over 
nominal  size,  and  if  indicated  on  the  drawing  it  will  save  the 
time  used  in  finishing  work  with  undue  accuracy.  The  extra 
time  taken  to  make  the  drawings  is  saved  many  times  in 
machining  the  work. 


»^^i.. 
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SHAFT -MACHINE  STEEL 

FiQ.  13. — Drawing  Showing  DnfBNSiON-LiiaT  Stbtbm. 
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30.  A  single  dimension  indicated  by  a  whole  number, 
fraction,  or  mixed  number  as  ^i'',  Fig.  13,  means  that  rule,  and 
caliper  are  sufficiently  accurate  to  measure  the  parts. 

31.  Double  dimensions  in  decimal  form,  placed  one  above 
the  other  as  ^  syy^r'  Fig.  13,  indicate  the  limit  allowed  for  a 
required  size,  and  that  micrometer,  vernier,  or  limit  gage 
should  be  used. 

32.  A  dimension  allowing  no  limit  is  indicated  by  a  single 
decimal  as  8.000^  and  means  that  the  greatest  possible  accu- 
racy must  be  obtained  with  the  measuring  instruments  at 
hand. 

Instead  of  double  dimensions,  limits  are  sometimes  indi- 
cated by  plus  and  minus  signs  after  the  nominal  dimensions, 
as  4.126''  +  or  -  .OOF, 

FITS  IN  MACHINE  CONSTRUCTION  WITH  TABLES 
OF  ALLOWANCES 

33.  Fits  in  machine  construction  are  most  important,  and 
unless  made  according  to  requirements,  impair  the  usefulness 
of  the  machine.    See  Dimension-Limit  System,  pp.  2l3,  2l4. 

Examples. — In  an  engine  lathe  the  live  spindle  of  steel  is  a 
running  fit  in  bronze  or  babbitt  boxes  in  the  headstock.  The 
footstock  spindle  of  steel  is  a  sliding  fit  in  the  cast-iron  foot- 
stock.  The  headstock  cone  is  a  running  fit  and  the  head- 
stock  gear  a  drive  fit  on  spindle.  The  headstock,  footstock, 
and  carriage  of  cast  iron  are  sliding  fits  on  the  ways  of  the  cast- 
iron  bed.    See  Scraping,  Principles  of  Machine  Work, 

Like  metals  are  generally  used  for  sliding  surface  fits, 
unlike  metals  for  running  fits.  Cast  iron  to  cast  iron 
wears  well  for  any  fit,  but  steel  to  steel  will  quickly  abrade 
unless  hardened  and  ground. 

34.  The  classes  of  fits  used  in  machine  construction  are: 
running,  sliding,  driving,  forcing  and  shrinking  fits;  and  taper 
fits,  running  and  forcing.  The  hole  or  bore  for  duplicate 
work  should  be  standard.    See  pp.  221,  222. 

36.  Rtmning  fits  vary  with  the  class  of  work.  The 
amount  of  looseness  varies  from  .0002"  on  fine  watch  work 


Digitized  by  VjOOQIC 


FITS  IN  MACHINE  CONSTRUCTION 


215 


to  -^^  on  some  classes  of   cotton  and  woolen  machinery. 
See  Tables,  Classes  I,  II,  III.    Running  fits  are  often  made 
taper.    The  adjustment  is  obtained  by  moving  the  spindle 
along  the  box,  or  the  box  along  the  spindle. 
Running  Fits.  — Class  I 

TABLE  OF  ALLOWANCES  AND  LIMITS  UNDER  STANDARD  FOR 

FINE  WORK 


HOLB   DiAlfSTER,   InCHBS. 

Hole  Diameter  — 

Limit  Shaft  Diam- 

METEB  +  OR  — 

.OOto    .49 

'          .60tol.99 

2.00to3.99 

4.00  to  6.99 

6.00  to  8.00 

.000626 

.0012 

.0016 

.002 

.002376 

.000126 

.000376 

.000626 

.00076 

.000876 

Running  Fits.  —  Class  II 

TABLE  OF  ALLOWANCES  AND  LIMITS  UNDER  STANDARD  FOR 
AVERAGE  WORK  WHERE   HIGH   SPEEDS  ARE  REQUIRED 


HOI.B  Diametrs,  Inches. 

Shaft  Diameter  — 

Limit  Shaft  Diam- 

.OOto    .49 

.001 

.00026 

.60to    .99 

.0016 

.0006 

l.OOtol.99 

.0019 

.000626 

2.00  to  2.99 

.0023 

.00076 

3.00  to  3.99 

.0027 

.00076 

4.00  to  6.99 

.0036 

.001 

6.00to8.00 

.0038 

.00126 

Running  Fits.  —  Class  III 

TABLE  OF  ALLOWANCES  AND   LIMITS  UNDER  STANDARD  FOR 
ENGINE  WORK  WHERE   EASY  FITS  ARE  REQUIRED 


Hole  Diameter  — 

Tjmtt  Shaft  Diam- 

.OOto    .49 
.60to    .99 
l.OOtol.99 
2.00  to  3.99 
4.00to6.99 
6.00  to  8.00 

.0016 

.002 

.0026 

.0034 

.00426 

.005 

.0006 

.00076 

.000876 

.001126 

.00126 

.0016 
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36.  Sliding  fits  such  as  the  footstock  spindle  of  lathes  are 
made  similar  to  running  fits  except  that  the  final  fitting 
is  done  by  draw-filing.    See  Principles  of  Machine  Work. 

Many  lathe  manufacturers  grind  the  spindle  slightly  large, 
then  force  it  back  and  forth  in  the  footstock  with  a  power 
press,  which  smooths,  straightens,  and  stretches  the  hole, 
eliminates  wear  to  some  extent  and  produces  a  fine  sliding  fit. 

TABLE  OF  ALLOWANCES  AND  LIMITS  UNDER  STANDARD 
FOR  SLIDING  FITS 


HoLB  Diameter,  Inches. 

Shaft  Diameteb  — 

Limit  Shaft  Diam- 

.OOto    .49 
.50to    .99 
1.00  to  1.99 
2.00to3.99 
4.00to6.99 
6.00  to  8.00 

.0005 

.00076 

.00126 

.00176 

.00226 

.0036 

.00026 
.00026 
.00026 
.00026 
.00026 
.0005 

37.  Driving  or  drive  fits,  easy  and  hard  are  made  by 
turning  the  shaft  to  size  with  allowance  for  filing.  For  easy 
fits,  file  or  grind  until  shaft  will  enter  hole  about  two-thirds 
length  of  fit  with  hand  pressure;  for  hard  fits,  one-third. 
The  former  are  used  for  light-keyed  fits  and  small  work;  the 
latter  for  ordinary  work  which  may  be  removed  for  repair. 

TABLE  OF  ALLOWANCES  AND  LIMITS  OVER  STANDARD 
FOR  DRIVING  FITS 


Hole  Diameteb,  Inches. 

Shaft  Diameter  — 
Hole  Diameteb  + 

Limit  Shaft  Diam- 
eteb -h  OR  — 

.OOto    .49 

.60tol.24 

1.26  to  2.49 

2.50  to  8.00 

.000376 
.00076 
.00126 
.002 

.000125 
.00026 
.00026 
.0005 

38.  Forcing  or  force  fits.  —  In  assembling  and  erecting 
macninery,  nothing  is  more  important  than  the  proper  fitting 
of  the  parts  that  have  to  be  driven  or  forced  together,  or 
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driven  or  forced  apart,  when  making  repairs.  Examples  of 
forcing  fits  are  gears,  couplings,  locomotive  driving  wheelsi 
crank  pins,  car  axles,  rod  bushing,  crank  disks,  various  kinds 
of  bushings,  jinings  into  cylinders,  various  parts  of  engines, 
generators  and  motors,  iron  bands  on  wagon-wheel  hubs, 
crank  shafts  into  automobile  fly  wheels,  various  parts  of 
built-up  cranks,  or  any  two  machine  parts  that  have  to  be 
joined  by  forcing  one  into  the  other  with  suflicient  power 
to  prevent  them  ever  becoming  loose. 

TABLE  OF  ALLOWANCES  AND   LIMITS  OVER  STANDARD 
FOR  FORCING  FITS 


HOLX   DLA.MSTEB,   InCMES. 

Shaft  Diametsr  — 
Hole  Diameter  -h 

Limit  Shaft  Di- 
ameter -h  OR  — 

.OOto    .49 

.00075 

.00025 

.50to    .99 

.0015 

.0006 

l.OOtol.49 

.0025 

.0005 

1.50tol.99 

.0035 

.0005 

2.00  to  2.49 

.0045 

.0005 

2.50to3.24 

.0055 

.0005 

3.26to3.99 

.0065 

.0005 

4.00  to  4.99 

.0075 

.0006 

5.00  to  6.99 

.0086 

.0006 

6.00  to  8.00 

.0095 

.0005 

Attention.  —  To  avoid  abrasion  and  destruction  of  work, 
lubricate  both  surfaces  with  machine  oil.  For  heavy  work 
use  cylinder  oil,  white  lead,  or  grease. 

39.  Taper  forcing  fits.  —  For  some  classes  of  machinery, 
such  as  marine  and  engine  work,  taper  forcing  fits  are  used. 
The  hole  is  bored  to  a  taper  of  .06C  to  1^  and  the  shaft  ground 
or  turned  the  same  but  large  enough  when  put  together  by 
hand  to  stop  about  one-fourth  to  one-eighth  of  its  length  from 
the  desired  location,  then  forced  to  place.  Large  taper  holes 
are  often  scraped  true  to  gages  before  forcing  the  shaft  into 
place. 

On  some  classes  of  work,  the  hole  is  made  straight  and  the 
shaft  ground  or  turned  to  a  taper  of  about  .001"  to  I'',  which 
makes  an  effective  fit« 
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40.  Pressures  and  allowances  for  forcing  fits.  —  Formulas 
have  been  deduced  and  tables  made  giving  pressures  required  to 
force  two  parts  together;  these  possess  considerable  value,  but 
serve  only  as  a  guide,  for  the  pressure  required  depends  not  only 
on  the  difference  in  diameters  but  on  the  diameter  and  length 
of  fit,  smoothness  of  both  parts,  material  of  both  shaft  and 
hub,  and  diameter  of  hub.  The  material  will  often  make  a 
difference  of  from  twenty-five  per  cent  to  fifty  per  cent  in  the 
pressure  for  the  same  allowance.  For  this  reason  the  method 
that  is  generally  followed  is  to  make  tables  of  allowances  and 
pressures  for  each  class  of  fits  and  for  different  materials. 

41.  Forcing  presses  for  forcing  fits.  —  The  old  method  of 
making  forcing  fits  is  with  sledge  hammers,  rams,  etc.,  but 
such  methods  are  now  nearly  obsolete  except  for  occasional 
fits,  as  the  process  is  difficult,  dangerous,  and  lacks  uniform- 
ity. The  economical,  easy,  safe,  and  scientific  method  is  by 
hydraulic-power  or  belt-power  presses  of  which  there  are  a 
great  variety  both  vertical  and  horizontal,  small  and  large, 
stationary  and  portable,  to  suit  all  classes  of  work.  Small 
forcing  fits  may  be  made  with  a  mandrel  or  arbor  press. 

42.  To  force  screw  into  bevel  gear.  Fig.  14.  Belt- 
power  forcing  press.  —  This  type  of  press  may  be  used  for 
forcing  fits  between  mandrel  press  work  and  hydraulic  press 
work  and  not  requiring  a  pressure  exceeding  fifty  tons. 

Screw  A  is  keyed,  lubricated,  preferably  with  linseed  oil, 
and  forced  into  bevel  gear  B  by  ram  C,  to  which  motion  is 
transmitted  by  gearing  actuated  by  the  driving  belt  D  and 
controlled  by  hand  wheel  E  which  operates  a  friction  device. 
The  wheel  E  is  used  to  raise  and  lower  the  ram  and  to  con- 
trol the  pressure  through  its  operation  of  a  friction  device; 
the  harder  the  wheel  is  turned  the  greater  the  friction  and  the 
greater  the  pressure  produced.  The  friction  only  acts  on 
the  downward  motion. 

The  plunger  F  which  compresses  glycerine  in  a  chamber  at 
the  end  of  ram  C,  records  the  pressure  in  tons  per  square 
inch  by  means  of  gage  Q. 
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Specifications.  —  The  gear  in  Fig.  14  is  steel  case-hardened; 
hole  straight,  1^^  diameter;  screw,  crucible  steel;  length  of 
fit,  3^;  allowance,  and  taper,  1.250'^  in  diameter  at  end  and 
1.254"  at  shoulder  (ground);  pressure,  8  tons. 

43.  To  force  shaft  into  flange,  forcing  fit.  Fig.  15*  Belt- 
power  forcing  press.  —  Shaft  A  is  keyed,  oiled,  and  forced 
into  flange  B. 

Specifications.  —  Flange,  cast  iron;  hole  I''  diameter;  shaft, 
machine  steel;  length  of  fit,  if'',  straight;  allowance,  .002* 
to  .0025'',  large  (ground);  pressure,  about  3  tons. 

Attention,  —  Condition  of  surfaces  (smooth  or  rough)  will 
vary  the  pressure. 

44.  To  force  shaft  into  malleable-iron  gear.  — 

Specifications.  —  Malleable-iron  gear;  hole  l-j^^  diameter; 
length  of  fit,  2";  shaft,  crucible  steel;  allowance  and  taper, 
1.1875*  at  end  and  1.1915*  at  shoulder;  pressure,  5  tons. 

46.  To  force  shaft  into  machine-steel  gear.  — 
Specifications.  —  Machine-steel    gear;     hole    2*    diameter; 
length  of  fit,  5*;  shaft-machine  steel;  allowance  and  taper, 
2.000*  at  end,  2.004*  at  shoulder;  pressure,  13  to  15  tons. 

46.  Shrinking  flts  are  used  to  fasten  a  collar,  sleeve,  crank 
pin,  crank,  or  other  piece  permanently  in  place.  They  differ 
from  forcing  fits  in  manner  of  fitting  only.  The  fit  is  made  by 
heating  the  hollow  piece  until  it  expands  sufficiently  to  go 
on  the  cold  shaft  easily.  The  parts  must  be  put  together 
quickly  or  the  heat  will  expand  the  shaft  and  the  parts  stick 
hard  before  they  are  in  place,  in  which  case  they  should  be 
driven  or  pressed  apart  as  quickly  as  possible.  When  in 
place,  cool  slowly  with  water. 

If  the  proper  shrinkage  is  allowed,  it  will  not  be  necessary  to 
heat  piece  above  a  dull  red,  800®  F. 

For  small  work  the  hole  may  be  standard  and  the  amount 
for  shrinkage  allowed  on  shaft. 
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Fig.  14.  —  Forcing  Screw  into  Bbvbl  Gear.    Forcing  Frr. 
Bei^t-power  Forcing  Press. 


Fig.  15.  —  Forcing  Shaft  into  Flange.    Forcing  Fit. 
BEi;r-powBR  Forcing  Press. 
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TABLE  OF  ALLOWAlfCES  AND   LIMITS  OVER  STANDARD  FOR 
SHRINKING   FITS 


Shaft  Diamster  — 
Hole  Diameter  + 

Limit  Shaft  Diam- 

.00  to     .49 

.00075 

.00025 

.50to    .99 

.0015 

.0005 

1.00  to  1.49 

.002 

.0005 

1.50  to  1.99 

.0025 

.0005 

2.00  to  2.49 

.003 

.0005 

2.60  to  3.24 

.0035 

.0005 

3.25  to  3.99 

.004 

.0005 

4.00  to  4.99 

.0045 

.0005 

5.00  to  5.99 

.0055 

.0005 

6.00  to  8.00 

.0075 

.0005 

47.  To  shrink  tires  on  wheel  centers.  —  Wheel  centers 
are  turned  standard  and  the  allowance  is  made  in  boring 
the  tire. 

The  allowance  for  shrinkage  in  rings  or  jackets  for  guns  in 
the  United  States  naval  gun  factories  varies  slightly  for  differ- 
ent classes  of  guns,  but  it  is  generally  about  .001^  to  the  inch. 
That  is,  if  the  diameter  is  12^^  the  shrinkage  will  be  .012''. 


TABLE  OF    ALLOWANCES  FOR    LOCOMOTIVE   DRIVING  WHEEL 
TIRES  FOR  SHRINKING   FITS 


Wheel  Center 

Diameter, 

Inches. 

Bore  of  Tire  — 
Wheel  Center 

Wheel  Center 

DLA.METSR, 

Inches. 

Bore  of  Tire  — 

Wheel  Center 

Diameter  — 

38.00 
44.00 
50.00 

.040 
.047 
.053 

56.00 
62.00 
66.00 

.060 
.066 
.070 

48.  Standard  holes.  — The  holes  referred  to  in  tables  of 
allowances  for  the  various  kinds  of  fits  are  either  bored  or  bored 
and  reamed,  and  are  within  limits  given  in  table  of  .00025^. 
They  are  tested  by  plug  and  limit  gages. 
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TABLE  OF  LIMITS  OF  HOLE  DIAMETER^  ALLOWABLE  UNDER 
AND  OVER  STANDARD 


HOUB   DiAMETEB,    INCHES. 

Limit  Standard  Diameter 

.00  to  1.24 
1.25  to  2.49 
2.50  to  5.99 
6.00  to  8.00 

+ 
.00025 
.00076 
.001 
.001 

.00026 
.00026 
.0005 
.0076 

49.    Tables  of  allowances  and  limits   for  standard   fits, 

represent  common  practice,  but  are  not  intended  to  con- 
form to  every  case  that  may  arise  in  fitting.  In  making 
allowances  for  any  fit,  certain  conditions  must  always  be 
considered.  For  example,  the  allowances  for  forcing  fits  are 
for  cast-iron  hubs  twice  the  diameter  of  machine-steel  shafts, 
and  subject  to  modifications  for  different  conditions,  as  the 
amount  of  metal  surrounding  the  hole,  the  length  of  hole, 
and  the  elasticity  of  the  metal. 

60.  To  fit  by  trial  and  correction,  and  by  allowance. — When 
only  a  few  pieces  have  to  be  fitted,  fit  by  trial.  But  for 
many  pieces,  fit  according  to  allowance  given  in  tables. 

61.  To  turn  and  file  fits,  and  to  grind  fits. — Work  that  was 
formerly  turned  and  filed  in  the  lathe  is  now  roughed  out  with 
high-speed  steel  tools  and  finished  in  the  grinding  machine. 
This  process  produces  work  quicker,  and  truer,  cylindrically. 
See  p.  701. 

62.  To  produce  standard  fits  with  spring  calipers. —  Fit 

ordinary  calipers  to  a  plug  gage,  reference  rod  or  disk  which 
has  the  proper  allowance.  Turn  and  file  or  grind  shaft  to 
fit  caliper.  Another  method  is  to  use  limit  caliper  gages 
directly  on  work.     See  Limit  Gages,  pp.  223-226. 

63.  To  produce  standard  fits  with  micrometers.  —  Turn 
work  direct  to  diameter  plus  double  depth  of  tool  marks;  the 
allowance  for  filing  with  a  fine  feed  and  sharp  tools  is  from 
.003^0.004". 
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64.  Gages  are  instruments  of  reference  for  standardizing 
measurements  and  for  determining  dimensions  exactly  or 
within  limits.    See  Limit  System,  p.  1303. 

When  a  piece  is  machined  nearly  to  size,  a  gage  is  invalu- 
able for  determining  the  exact  dimension,  the  tightness  or 
looseness  of  the  fit  giving  an  idea  of  its  size. 

66.  Standard  cylindrical  gages,  ring  and  plug.  —  Fig.  16 
represents  an  accurate  subdivision  of  the  Imperial   yard. 


FlQ.   16.  —  SlANDABD  RiNQ  AND  PlUQ   GaQBS. 

These   gages   are  made  within  various  limits  of  accuracy, 
such  as  .0002'',  .000^,  .00005'',  .00002'^. 

66.  Caliper  gages.  Fig.  17.  —  The  measuring  faces  of  the 


FiQ.  17.  —  Caliper  Gagbs. 

outside  gage  are  flat,  the  inside  cylindrical.     For  general  use, 
this  gage  is  preferred  to  plug  and  ring  gages. 
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67.  Reference  disk,  Fig.  18,  is  used  for  testing  and  setting 
calipers. 

Attention.  —  As  the  heat  from  the  hand 
will  enlarge  a  gage  perceptibly,  the  body 
of  gages  for  very  accurate  testing  is  often 
covered  with  a  jacket  of  rubber  or  wood, 
or  provided  with  a  hole  to  receive  a  wooden 
handle,  as  rubber  and  wood  are  poor  con- 
ductors of  heat. 

68.  End-measuring  rod,  Fig.  19,  for 
gaging  rings,  cylinders,  setting  ordinary 
calipers,  etc.    The  ends  are  sections  of 
true  spheres  having  diameters  equal  to  the  length  of  the  rod. 


Fig.  18.  —  Standard 
Reference  Disk. 


\ 


Standard  END-iCBASURiNa 
Rod. 


Standard  End-iodasurb 
Test  Pibcb. 


TiQ.  19. 


69.  End-measure  test  piece,  Fig.  19,  is  used  for  testing 
micrometers,  caliper  gages  and  setting  tools  in  planer  and 
shaper. 

60.  Limit  gage  system  of  measurement.  —  In  the  manu- 
facture of  parts  for  various  classes  of  machines,  there  are  differ- 
ent degrees  of  accuracy  called  limit  or  tolerance  permissible^  de- 
pending on  the  requirements. 

To  make  the  parts  rapidly  and  interchangeably,  a  schedule 
of  permissible  variations  from  nominal  sizes  should  be  planned 
to  save  time  and  confusion.  See  Fits  In  Machine  Construc- 
tion With  Tables  Of  Allowances,  p.  2i4.  To  produce  work 
within  these  limits,  different  kinds  of  working  or  inspection  gages 
are  obtainable. 

Solid  outside  and  inside  limit  gages,  as  at  A  and  B,  Fig.  20, 
are  stamped  with  dimensions  and  directions  for  using. 


Digitized  by  VjOOQ IC 


STANDARD  UIOT  OAGES 


295 


Outbids  Limit  Gaob. 


Fig.  20. 


Inside  Limit  Gaoe. 


Adjustable  limit  snap  gages  are  shown  at  A,  B  and  C,  Fig.  21. 
Each  gage  is  provided  with  two  pairs  of  contacts  and  with  a 


Fig.  2L  —  Inspecting  Work  With  Adjustable  Liiot  Snap  Gaqeb. 

setting  plug  gage  covering  both  limits.  The  upper  contacts  are 
adjusted  by  set  and  locking  screws  to  the  maximum  size,  and 
the  lower,  to  the  minimum  size.  To  test 
the  work,  place  it  on  the  upper  contacts  and 
if  by  its  own  weight  or  gravity  it  passes 
the  upper  contacts  and  rests  on  the  lower, 
as  at  A,  Fig.  21,  it  is  within  the  limit  per- 
missible; if  it  does  not  pass  the  upper,  as 
at  B,  Fig.  21,  it  is  too  large.  If  the  work 
passes  both  sets  of  contacts,  as  at  C,  Fig.  21, 
it  is  too  small, 
p.      _      ,  61.  Adjustable  limit  snap-thread  gage, 

mo  WoBK^^ra  Fig-  22,  with  two  sets  of  conical  contacts 
Adhtbtable  Limit  for  determining  the  limits  on  threaded 
Snap-Thbbad  work,  is  set  and  used  in  the  same  manner 
Gaqe.  q^  jjtjg  plain  gages. 

62.  Special  gages.  —  Various  other  standard  and  special 
gages  are  obtainable. 

Attention.  —  Care  must  be  exercised  to  clean  and  oil  gages  be- 
fore using  and  also  not  to  force  them  into  or  over  work  with  undue 
pressure  or  they  will  wear  excessively  and  soon  become  unreliable. 
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Information.  —  To  measure  the  pitch  diameter,  the  conical 
points  are  offset  one-half  the  pitch  of  the  thread. 

Warning.  —  Limit  snap  gages  are  adjusted  to  size  by  set  and 
locking  screws,  and  to  detect  tampering,  recesses  in  back  of  the 
screws  may  be  filled  with  wax  and  sealed. 

TAPER  TURNING  AND  FITTING 

SS«  Tapers  are  expressed  as  so  much  per  unit  of  length,  as 
I''  per  foot;  that  is,  a  piece  V  in  length  would  be  I''  larger  at 
one  end  than  at  the  other,  as  at  A  and  B,  Fig.  23.     They 


FiQ.  23.  —  Diagram  fob  Reading  Tapers. 

may  be  expressed  as  so  much  per  foot  from  the  center  line; 
as,  i"  per  foot  from  center  line,  Y  ^^  ^*  ^^^  1*  ^^  ^\  *^e 
same  taper  as  V  per  foot.  They  are  also  expressed  in  angular 
measurement  as  at  C,  angle  of  4®  46',  or  as  at  C,  2®  23',  see 
Table  of  Tapers  and  Angles,  p.  1188. 

M.  Tapers,  standard  and  special. — Taper  parts  are  used 
on  nearly  all  machines.  The  Morse  taper  system,  approxi- 
mately V  per  foot  (see  pp.  233,  234),  is  used  on  drills  and  in 
drilling-machine  and  lathe  spindles;  the  Brown  &  Sharpe  taper 
system,  Y  per  foot  (see  pp.  233, 235),  in  milling-machine  spin- 
dles.   Both  are  designated  by  name  and  numbers. 

The  Jarno  taper  system,  .600''  per  foot,  is  used  to  some  ex- 
tent in  lathe  and  grinding-machine  spindles.    See  pp.  236, 237. 

Special  tapers  are  used  for  spindle  boxes,  pins,  and  similar 
work. 

66.  Methods  of  turning  taper.  —  Set  over  footstock,  Fig. 
24,  or  use  a  taper  attachment.  Figs.  28,  29.  The  first 
method  can  only  be  used  for  outside  tapers;  the  others  can 
be  used  for  either  outside  or  inside  tapers. 
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66.  To  calculate  distance  to  set  over  footstock.  —  Multiply 
one-half  taper  per  foot  (in  inches)  by  whole  length  of  work 
or  mandrel  (in  feet). 

Example.  —  The  Morse  Taper  No.  3,  Fig.  24,  is  .602''  per 
footi  length  of  work  S'^.    Find  amount  to  set  over  footstock. 


FiQ.  24.  —  Turning  Taper  with  Footstock  Set  Over. 


«  .     .  .602       8        ^^^^         IS'' 

SoltUwn,  —       — -  X  —  =  .2007*  or  --  • 
2         12  o4 

The  distance  the  centers  enter  the  work  affects  this  jrule  so 
slightly  that  it  is  ignored. 

67.  To  set  over  footstock  calculated  distance,  unclamp 
footstock  and  rotate  adjusting  screws  to  move  dead  center 
forward  .2007*  or  ii*,  as  at  A,  Fig.  24,  measuring  lines  B 
with  dividers  or  rule  set  to  .20".  See  Table  of  Footstock  Set- 
overs  for  Morse,  and  Brown  &  Sharps  Tapers,  pp.  238, 239. 

68.  To  calculate  set-over  when  only  length  and  diameters 
are  given.    Fig.  26. 
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n • 

»•  1" 

. 

'r 

1 

1                  ^^ 

1. 

B 

T 

m 4' 2" •! 

k 4' 2" 1 

FiQ.  25.  —  Example  in  Long  Taper  Turninq. 


Formula,  - 


Total  length 


X 


Difference  in  diameters 


Length  taper  portion 
=  Set-over. 
Example.  —  To  find  set-over;  total  length  14'  V;  tapered 
portion  4'  2";  difference  in  diameter  9''-  6"=  3^. 
Solution.  —      W  V  =-  169^;  4'  2^  =  50^. 
i^Xf  =  5.07''  (set-over). 

69.  To  use  a  pattern  to  obtain  set-over.  —  If  a  piece  of 
taper  work  has  to  be  duplicated,  use  it  as  a  pattern  to  obtain 
approximate  set-over  by  mounting  it  on  centers  and  using  a 
Uat  indicator.     See  Tapering  Pulleys,  pp.  428, 429. 

70.  To  turn,  file  and  fit  Morse  taper  No.  3  (.602''  to  10, 
Rgs.  26  and'  27. 

T  I     .„     |-T 

1.763" 


t 


•A' 


FIT  TO  MORSE  STANDARD 
TAPCR  RING  QAOC  NO.  3 


_n  "     — '-* 

"T*^  VJN    TAPER  .e02«  TO  I' 


Fig.  26.  —  Schedule  Drawing  of  Taper  Turning  and  FrrriNG. 


Fig.  27.  —  Morse  Standard  Taper  Ring  Gage,  No.  3. 

Spedflcatioiis:  Material,  iron  casting  l"  large;  weight,  2  lb.  8  oa. 
mrdnesa,  28  to  32  (scleroflcope.) 

True  live  center.    Set  dead  center  in  approximate  aLmement^  see  p.  116. 
Carbon-steel  cutting  tools.    See  Exception,  p.  2o6. 
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Time:  Study  drawing  and  schedule  in  advance.  5  min. — CHI  machine, 
4  min. — Set  tai)er,  turn,  file,  and  fit,  45.  min.  (with  blank  prepared.)  — 
Clean  lathe,  3  min.  Total,57min.— (Preparation  of  blank,  40  mm.  ezta.) 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Opbrations. 


Snaft,  center,  rough-square,  reoenter, 
finish  square.     See  pp.  203, 804. 

Straight  turn.  Bough,  one  cut, 
finish,  one  out.  (Or  use  blank  ma- 
chined to  8'  X  1  A'.  Fig.  4.) 


Lay  off  length  of  taper,  (1). 


Set  over  footstock  (forward)  to 
.2007'  or  ^'  as  in  Fig.  24  or  use 
taper  attachment.  Set  tool 
height  of  centers. 

Rough  turn  ^'  at  small  end, 
one  cut,  (2).  ,  When  within  A'*'' 
C,  Fig.  24,  release  power  feed  and 
use  hand  feed  to  within  ^'  of  C 

Grind  and  oilstone  tool.  Take  a 
trial  out  about  .004'  to  .005'  (8). 
Piece  will  enter  gage  about  2^', 
enough  to  determine  fit. 

Glean  hole  and  work.  Chalk  line 
along  work  and  test  in  gage  with 
rotating  motion.  If  chalk  line 
shows  contact  throughout  by 
even  rubbing,  taper  is  correct.  If 
only  large  end  bears,  set  f  ootetock 
backward  slightly  or  vice  versa, 
and  take  another  trial  cut.  Kepeat 
above  until  taper  is  correct. 

Rough  turn  to  |f'  one  cut,  (4),  or 
until  it  will  reach  within  -f^'  of 
end  of  gage. 

Rsgrind  and  oilstone  tool. 

Fmishtum  to  .767"  (.763'  -f-  .004^ 
at  end,  one  cut  (the  .004"  is  for 
filing)  or  until  end  of  work  comes 
within  ^'  of  end  of  gage  (5). 

ImvorUjoU.  —  Set  fooUtock  hack  in 
appnmmale  dUnemeiU^  see  p.  Il6. 

File  lightly  all  over  to  remove  tool 
marks,  (6).  Chalk  line  on  work. 
Test  work  in  gage,  and  file  bright 
spots.  Continue  until  fit  is  uni- 
form and  end  A  is  even  with  end 
of  gage,  B,  Fig.  27,  or  .763'. 


Machinss,  Spbsdb, 
Fbeds. 


Centering  machine, 
Engine  lathe,  12* 
to  16'. 


Ist  or  2d  speed,  or 
36 F. P.M.  Me- 
dium power  feed 
—  SOtol'. 

3d  speed,  or  60 
F.  P.  M.  Fine 
power  feed  — 
140  to  1'. 


2d  or  3d  speeds,  or 

36  to  60  F.P.M. 

Medium  power  feed . 

3d  speed,  or  60 
F.P.M.  Fine 
power  feed — 
140  to  1'. 


Engine  lathe,  4th 
speed,  or  speed 
lathe,  3d  or  4th 
speed,  or  106 
F.P.M. 


Tools. 


Vise,  chisel,  file,  dog, 
round-nose  tool, 
side  tool,  16*  rake. 
Diamond-point  tool, 
16*  r^e,  rule, 
calipers. 

Copper  under  set 
screw  of  dog. 

Vise,  chalk  or  cop- 
per sulphate, 
rule,  scriber. 

Rule,  dividers, 
diamond-point 
tool,    16"    rake. 

Calipers,  rule. 


Round-nose  tool, 
Morse  taper  ring 
gage.  No.  3,  Fig. 
27. 

Round-nftse  tool, 
Morse  taper  ring 
gage,  No.  3,  chalk 
or  Prussian  blue. 


Diamond-point  tool, 
16*^  rake,  calipers, 
rule. 

Round-nose  tool, 
1'  micrometer. 


8*  or  10*  mill  bas- 
tard file,  file  card, 
Morse  taper  ring 
gage,  No.  3, 
1'  micrometer, 
chalk  or  Prus- 
sian  blue. 
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AUerUum,  —  Set  tool  to  turn  taper  at  exact  height  of  centers.  Talu 
Light  finishing  cuts.  Avoid  excessive  filing.  For  very  accurate  woric,  coat 
walls  of  gage  with  Prussian  blue  to  test  toper. 

71.  To  turn  taper  with  taper  attachment.  Figs.  28,  29. — 
These  attachments  are  applied  to  engine  lathes  to  turn  out- 


LAROE 


U^TNE 


Fig.  28  —  Turning  a  Taper  with  Taper  Attacbment. 


Fig.  29.  —  Taper  Attachment  Set  to  Torn  a  Taper  of  f  per  Foot. 

side  and  inside  tapers.  The  footstock  does  not  have  to  be 
set  over,  and  the  length  of  the  work  does  not  have  to  be 
considered. 
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SCHEDULE  OF  OPERATIONS 
Figs.  28,  29. 


Guide  bar  A  is  set  to  turn 
taper  of  drill  socket  B,  Stub 
mandrel  C  provides  a  center  for 
hollow  end  of  socket.  Guide  bar 
A  carries  gibbed  sliding  block  D 
which  is  connected  by  bolt  E  to 
extension  F  of  supplementary 
slide  F'  which  forms  the  base  of 
cross  slide  G.  Guide  bar  is 
swiveled  upon  its  base  H  by 
unclamping  screws  L,  U,  Drill 
socket  B  is  to  have  a  Morse 
taper,  No.  4,  .623*"  or  f  to  1'. 

To  Set.  —  Rotate  adjusting 
screws  M,  M'  until  the  gradua- 
tions on  scale  at  N  indicate  the 
taper.    See  J^',  Fig.  29. 

Graduations  on  one  end  of  bar 
give  a  taper  of  Y  to  1',  and  on 
theother^*  to  1'  orin  degrees. 


Fasten  clamp  P  by  bolt  Q  and 
clamp  nuts  R,  R^  on  screw  S. 
Sliding  block  D  and  slide  T  move 
with  carriage.  Guide  bar  A  and 
base  H  remain  stationary. 

Attention.  —  Take  trial  cuts 
and  test  in  taper  ring  gage  or 
in  spindle,  and  make  corrections 
by  adjusting  guide  bar.  See 
Taper  Fitting,  pp.  226-230. 

Caution.  — Take  up  back  lash 
before  each  cut  by  running  car- 
riage back  at  least  y  beyond 
end  of  work  to  avoid  turning  a 
portion  at  end  straight. 

Note.  —  To  use  lathe  for 
straight  work  without  disturb- 
ing taper  setting,  remove  nut  R 
and  move  clamp  P  away. 


STRAIGHT  TURNING  AND  FITTING 
72.  To  turn  and  file  a  V  straight  running  fit. 


»:- 


TO  FIT 
1*  STANDARD  RING  GAGE 


Fio.  30.  —  ScBBDULB  Drawing  or  Straight  Turning  and  Fitting. 


Fig.  81.  —  l"  Standard  Ring  Gage. 
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SpMlficatioiis :  Material,  iron  casting  i''  large;  weight,  2  lb.  8  oi. 

HardnesB,  28  to  $2  (scleroecope). 

True  live  center.    Set  dead  center  in  approximate  alinement,  see  p.  116. 

Gaibon-steel  cutting  tools.    See  Exception^  p.  805. 

Time :  Study  drawing  and  schedule  in  advance^  5  min.  —  Oil  lathe,  4  min. 

— Set  lathe  straight,  rough  and  finish  turn,  file  and  fit,  45  min.    (With 

blank  prepared.)  — Clean  lathe,  3  min.    Total,  57  min.     (Preparation  of 

blank,  40  min.  extra.) 

SCHEDULE  OF  OPERATIONS,  MACmNES,  AND  TOOLS 


Ophbations. 


Magbinbs,   Bpbbdb, 
Fbbds. 


Tooiii. 


To  Mass  Fit  by  Trial  and  Corbbgtion. 


Snag,  center,  rough  square,  reoenter 
and  finish  square.    See  p.  903. 

Rough  turn  1"  + A",  one  cut.  (1). 
(or  use  plain  part  of  blank  uaed 
for  Uper  turning,  4i"x  lA".  Fig 
27). 

Set  dead  center  in  accurate  aline- 
ment  to  turn  straight  using  this 
piece  or  trial  piece  of  equal  length. 
See  pp.  lie,  ll7. 

Rough  turn  1"+  V»".  on«  ©ut  (1). 


Grind  and  oilstone  tool.  Oil  man- 
drel and  push  in  gage.  Set  cali- 
pers to  large  end  close  to  gage. 
Take  light  cuts  at  end  about  i" 
in  length  until  calipers  fit  work 
slightly  harder  than  on  mandrel. 
Oil  and  try  in  gage,  Fig.  31. 
When  it  enters  about  i^"  with 
hand  pressure,  wipe  off  oil  and 
take  cut  from  end  to  end  by  re- 
versing work,  (2) ,  one  cut 

File  a  small  portion  at  end.  Clean 
and  oil  work  and  gage.  Try  in 
gage.  Wipe  off  oil  after  each 
trial.  Ck>ntinue  fitting  over  whole 
length  in  this  manner,  (S). 


Engine  lathe,  \2" 
to  16". 

Ist  or  2d  speed,  or 
25  F.  P.  M.  Me- 
dium power  feed 

—  80tol". 

3d  speed,  or  50 
F.  P.  M.  Fine 
power  feed — 
140  to  1". 

2d  or  3d  speed,  or 
60 F. P.M.  Me- 
dium power  feed 

—  80  to  r. 

2d  or  3d  speed,  or 
50 F. P.M.  Fine 
power  feed  — 
140  to  1". 


Engine  lathe,  4th 
speed,  or  speed 
lathe,  3d  or  4th 
speed,  or  110 
F.  P.  M. 


Dog,  calipers,  rule, 
round-nose  tool, 
side  tool,  15°  rake. 

Copper  under  set 
screw  of  dog, 
d  i  amond-p  o  i  n  t 
tool,  15"*  rake, 
calipers,  rule. 

Round-nose  tool,  2" 
micrometer. 


Round-noMe  or  dia- 
mond-point  tool, 
15^  rake,  calipers, 
rule. 

Round-nose  or  dia- 
mond-point tool, 
15**  rake,  oilstone, 
calipers,  1"  man- 
drel, luring  gage. 


8''  or  10"  mill  bas- 
tard file,  file  card, 
1"  ring  gage,  ma- 
chine, or  lard  oil. 


Attentian.  —  Test  with  calipers  frequently.  Avoid  excessive  filing. 
Test  work  in  both  ends  of  gage.  The  lack  of  oil  when  testing  in  gage 
will  spoil  both  work  and  gage.  Reamed  holes  are  usually  slightly  larger 
at  one  end. 

73.  To  make  a  1''  running  fit  by  allowancei  Figs.  30  and 
31. 

!1  002"  ) 

,  003" \  Micrometer  calipen 

and 
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!: 


9995'. 
9990*. 


File  to 

74.  Diagram  of  Morse  tapers. 


>  Biiorometer  oalipen 


KEAMED 
TAPER 
HOLE 


TAPER 
PLUG 

a  AGE 


I  ftOOKCT  Oft 

SPINDLE 


TAPER 

FEU  FT, 


Fig.  32. 


76.  Diagram  of  Brown  &  Sharpe  tapers. 


ANV 


COLCtT( SOCKET  J 
ORSPlNDLt 

TAKR  -I  la  TO  1  FOOT  EXCEPT  NO.  10  WHICH  1S.M61  PER  FOOT 

Fia.  33. 
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77.  Table  of  Brown  &  Sharpe  tapers.     For  holes  in  milling 
machine  spindles,  collets,  and  shanks  of  arbors,  end  mills,  etc. 


.135 
.166 
.197 
.197 
.197 
.228 
.228 
.260 
.260 
.260 
.291 
.291 
.322 
.322 
.322 
.322 
353 
356 
385 
.385 
.447 
.447 
.447 
.447 
.447 
510 
,510 
.572 
.572 
,635 


.170 

.220 

.282 

.282 

.282 

.320 

.320 

.420 

.420 

.420 

.460 

.460 

.560 

.560 

.560 

.560 

.710 

.710 

.860 

.860 

1.010 

1.010 

1.010 

1.210 

1.210 

1.460 

1.710 

1.960 

2.210 

2.450 


'I 

si 


.030 
.030 
.040 
.040 
.040 
.050 
.050 
060 
.060 
.060 
.060 
.060 
.070 
.070 
.070 
.070 
.080 
080 
.100 
.100 
.110 
.110 
.110 
.130 
.130 
.150 
.170 
.190 
.210 
230 


.189 
.237 
.296 
.296 
.296 
333 
.333 
.432 
.432 
.432 
.479 
.479 
.578 
.578 
.578 
.578 
.726 
.726 
.874 
.874 
0137 
0137 
0137 
247 
247 
466 
716 
962 
212 
458 
708 
957 


m 


.003 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
.010 
.010 
.010 
.010 
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JARHO  TAPERS 

78.  The  Jamo  taper  system  is  0.600^  per  foot  (1  in  20) 
for  all  numbers,  and  the  number  of  the  taper  determines 
all  the  other  dimensions,  as  all  parts  are  functions  of  the 
number.  For  example,  No.  4  taper  is  ^^  at  small  end, 
i'^  at  large  end,  and  |^  (or  2^)  in  length. 


Fig.  34.  —  Jarno  Taper  in  Grinding-machine  Spindlb. 

As  there  is  iV^  in  diameter  between  consecutive  numbers 
at  small  end  and  i"  at  large  end,  the  number  of  a  taper  can 
be  readily  found  by  rough  measurement  with  rule,  or  rule 
and  calipers.  Some  lathe  and  grinding  machine  manufac- 
turers  have  adopted  the  Jarno  taper  for  holes  in  spindles, 
and  others  retain  the  Jamo  taper  per  foot  but  modify  the 
othor  specifications  by  changing  the  diameters  or  lengths  to 
suit  special  conditions. 

79.  Table  of  Jamo  tapers. 

Taper  per  foot  =  .6  inch.    Taper  per  inch  —  .050  inch. 


HO-ii- 


JARNO  TAPER  0.600'  TO  1' 
Na4.  FULL  SIZE 


.1 


Fro.  35. 


Diameter  of  smaU  end  =  No.  of  taper 

10 

Diameter  of  large  end  -  No.  of  taper 
Lngth  of  taper-  No- of  taper 
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NUUBKB. 

«A." 

"B." 

••C." 

2 

.20 

.250 

1 

3 

.30 

.375 

u 

4 

.40 

.500 

2 

5 

.50 

.625 

2i 

6 

.60 

.750 

3 

7 

.70 

.875 

3i 

8 

.80 

1.000 

4 

0 

.90 

1.125 

4* 

10 

1.00 

1.250 

5 

11 

1.10 

1.375 

H 

12 

1.20 

1.500 

6 

13 

1.30 

1.625 

6i 

14 

1.40 

1.750 

7 

15 

1.50 

1.875 

n 

16 

1.60 

2.000 

8 

17 

1.70 

2.125 

8i 

18 

1.80 

2.250 

9 

19 

1.90 

2.375 

9i 

20 

2.00 

2.500 

10 

80.  Diagram  of  footstock  setovers  for  Morse  i  and  Brown 
&  Sharpe  tapers. 


CNOview 

OF  FOOTSTOCK 


Fig.  36. 
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82.  Htunber  of  revolutioiis  required  to  obtain  surface  speeds 
of  from  20  feet  to  70  feet  per  minute. 

DiAMsrsBS  FBOM  i  Inch  to  24  Inchbs 


Fnv 

PBB 

20 

25 

30 

35 

40 

45 

50 

55 

'60 

65 

70 

IClN. 

DiAM., 

Inches. 

RbTOLUTIONB  PBB  IflNUTB 

i 

152 

191 

220 

267 

306 

344 

382 

420 

468 

406 

535 

i 

101 

127 

152 

178 

203 

228 

264 

270 

306 

330 

356 

1 

76 

«5 

114 

133 

152 

172 

101 

210 

220 

248 

267 

H 

68 

85 

102 

110 

136 

153 

170 

187 

204 

221 

238 

li 

61 

76 

01 

106 

122 

137 

153 

168 

183 

100 

213 

H 

50 

63 

76 

80 

101 

114 

127 

130 

152 

165 

178 

1* 

43 

54 

65 

76 

87 

08 

100 

120 

131 

141 

152 

2 

38 

47 

57 

66 

76 

86 

05 

105 

114 

124 

133 

3 

25 

31 

38 

44 

50 

57 

63 

70 

76 

82 

89 

4 

10 

23 

28 

33 

38 

43 

47 

52 

57 

62 

66 

6 

15 

10 

22 

26 

30 

34 

38 

42 

45 

40 

53 

6 

12 

15 

10 

22 

25 

28 

31 

34 

38 

41 

44 

7 

10 

13 

16 

10 

21 

24 

27 

30 

32 

35 

38 

8 

11 

14 

16 

10 

21 

23 

26 

28 

31 

33 

9 

10 

12 

14 

17 

10 

21 

23 

25 

27 

29 

10 

0 

11 

13 

15 

17 

10 

21 

22 

24 

26 

11 

8 

10 

12 

13 

15 

17 

10 

20 

22 

24 

12 

8 

0 

11 

12 

14 

15 

17 

10 

20 

22 

13 

7 

8 

10 

11 

13 

14 

16 

17 

10 

20 

14 

6 

8 

0 

10 

12 

13 

15 

16 

17 

10 

15 

6 

7 

8 

10 

11 

12 

14 

15 

16 

17 

16 

6 

7 

8 

0 

10 

11 

13 

14 

15 

16 

17 

5 

6 

7 

8 

10 

U 

12 

13 

14 

15 

18 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

10 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

20 

3 

4 

5 

G 

7 

8 

0 

10 

11 

12 

13 

21 

3 

4 

5 

6 

7 

8 

0 

10 

10 

11 

12 

22 

3 

4 

5 

6 

6 

7 

8 

0 

10 

11 

12 

23 

3 

4 

4 

5 

6 

7 

8 

0 

10 

10 

11 

24 

3 

4 

4 

5 

6 

7 

7 

8 

0 

10 

11 
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88.  Humber  of  revolutions  reqtiired  to  obtain  surface  speeds 
from  75  feet  to  125  feet  per  minute. 


DlAMXTEBS  FROM  }  InCH  TO 

24  Inchss 

Fbbt 

FEB 

76 

80 

85 

90 

95 

100 

105 

110 

116 

120 

126 

MiN. 

DiAM., 

Inghjss. 

RETOLunomi  pbb  MxNxrrm 

i 

673 

611 

649 

687 

726 

764 

802 

840 

878 

916 

965 

i 

381 

406 

432 

467 

482 

508 

535 

560 

586 

612 

637 

1 

286 

805 

324 

344 

363 

382 

401 

420 

439 

458 

477 

u 

265 

272 

289 

306 

323 

340 

367 

374 

391 

408 

425 

u 

228 

245 

260 

274 

290 

306 

321 

336 

351 

367 

382 

li 

191 

203 

216 

229 

241 

254 

266 

280 

292 

306 

318 

1« 

163 

174 

185 

196 

207 

218 

238 

240 

250 

262 

273 

2 

143 

152 

162 

172 

181 

191 

200 

210 

219 

229 

238 

3 

95 

101 

108 

114 

121 

127 

133 

140 

146 

153 

159 

4 

71 

76 

81 

86 

90 

95 

100 

105 

109 

114 

119 

6 

67 

61 

64 

68 

72 

76 

80 

84 

87 

91 

95 

6 

47 

51 

54 

57 

60 

63 

67 

70 

73 

76 

79 

7 

40 

43 

46 

49 

51 

54 

57 

60 

62 

65 

68 

8 

85 

38 

40 

42 

45 

47 

50 

52 

65 

67 

59 

9 

31 

34 

36 

38 

40 

42 

44 

46 

48 

51 

53 

10 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

47 

•  11 

26 

27 

29 

31 

33 

34 

36 

38 

40 

41 

43 

12 

23 

25 

27 

28 

30 

31 

33 

35 

36 

38 

39 

13 

22 

23 

25 

26 

27 

29 

30 

32 

33 

35 

36 

14 

20 

21 

23 

24 

25 

27 

28 

30 

31 

32 

34 

15 

19 

20 

21 

23 

24 

25 

26 

28 

29 

30 

31 

16 

17 

19 

20 

21 

22 

23 

25 

26 

27 

28 

29 

17 

16 

17 

19 

20 

21 

22 

23 

24 

25 

26 

28 

18 

15 

16 

18 

19 

20 

21 

22 

23 

24 

25 

26 

19 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

20 

14 

15 

16 

17 

18 

19 

20 

21 

22 

22 

23 

21 

13 

14 

15 

16 

17 

18 

19 

20 

20 

21 

22 

22 

13 

13 

14 

15 

16 

17 

18 

19 

19 

20 

21 

23 

12 

13 

14 

15 

15 

16 

17 

18 

19 

19 

20 

24 

11 

12 

13 

14 

15 

16 

16 

17 

18 

19 

19 

Attenlion,  — To  calculate  any  cutting  speed,  aee  pp.  l4^1i8. 
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84. '  Time  required  for  tool  to  travel  1'^  when  feed  is  ^ Vv  per 
revolution. 


SuwACi  Spoob  in 

F^IT  MR  IflNITn. 

Dull., 

DUM.,  / 

IN€HW. 

Imchh. 

20 

26 

80 

86 

40 

46 

60 

60 

MinSeo 

MinSeo 

Min 

Sac 

MiuSeo 

Min  Sec 

Min  Sec  Min  Sec 

MinSeo 

i 

0  20 

0  10 

0 

13 

0  11 

0  10 

0   9 

0  8 

0   7 

} 

X 

0  26 

0  20 

0 

10 

0  14 

0  12 

0  11 

0  10 

0   8 

^ 

r 

0  29 

0  28 

0 

20 

0  17 

0  15 

0  13 

0  12 

0  10 

?• 

0  34 

0  27 

0 

23 

0  20 

0  17 

0  15 

0  14 

0  11 

A 

i 

0  89 

0  81 

0 

90 

0  22 

0  20 

0  17 

0  10 

0  13 

* 

h 

0  44 

0  86 

0 

29 

0  25 

0  22 

0  20 

0  18 

0  15 

A 

0  49 

0  89 

0 

83 

0  28 

0  26 

0  22 

0  20 

0  16 

1 

J 

0  64 

0  43 

0 

30 

0  31 

0  27 

0  24 

0  22 

0  18 

u 

0  69 

0  47 

0 

89 

0  84 

0  29 

0  20 

0  24 

0  20 

i 

1   4 

0  61 

0 

43 

0  36 

0  82 

0  28 

0  20 

0  21 

i 

1 

1   9 

0  66 

0 

40 

0  39 

0  31 

0  80 

0  28 

0  23 

1 

1  14 

0  69 

0 

49 

0  42 

0  87 

0  83 

0  23 

0  26 

1 

1 

1  19 

1   3 

0 

62 

0  45 

0  39 

0  35 

0  31 

0  20 

1 

1 

1  28 

1  11 

0 

69 

0  50 

0  44 

0  39 

0  85 

0  29 

1* 

1 

1  88 

1  18 

1 

6 

0  60 

0  49 

0  43 

0  39 

0  83 

1 

1 

1  48 

1  20 

1 

12 

1   2 

0  64 

0  48 

0  43 

0  80 

1 

1 

1  58 

1  84 

1 

18 

1   7 

0  69 

0  52 

0  47 

0  39 

1 

- 

I 

2   8 

1  42 

1 

25 

1  13 

1   4 

0  57 

0  51 

0  42 

1! 

' 

1 

2  18 

1  50 

1 

81 

1  19 

1   9 

1   1 

0  55 

0  40 

w 

1 

2  27 

1  68 

1 

88 

1  24 

1  14 

1   5 

0  69 

0  49 

11 

2 

2  37 

2   0 

1 

46 

1  30 

1  19 

1   9 

1   8 

0  52 

2 

2 

2  47 

2  13 

1 

51 

1  35 

1  23 

1  14 

1   7 

0  60 

2 

2 

2  66 

2  21 

1 

68 

1  41 

1  28 

1  19 

1  11 

0  69 

2 

2 

8   « 

2  29 

2 

4 

1  40 

1  83 

1  23 

1  15 

1   2 

2 

2 

8  16 

2  37 

2 

10 

1  62 

1  38 

1  27 

1  19 

1   6 

8 

2 

2 

3  30 

2  63 

3 

34 

2   3 

1  48 

1  30 

1  27 

1  12 

8 

3  66 

8   9 

3 

37 

2  15 

1  58 

1  44 

1  34 

1  18 

8  • 

3* 

4  16 

8  24 

2 

60 

2  20 

8   8 

1  53 

1  42 

1  26 

8* 

It 

4  86 

8  40 

3 

8 

2  87 

2  18 

2   2 

1  60 

1  82 

il 

4  64 

8  66 

3 

10 

2  48 

2  27 

2  11 

1  68 

1  88 

4 

6  14 

4  11 

8 

29 

2  59 

3  87 

2  19 

2   6 

1  44 

4 

44 

6  83 

4  20 

8 

42 

8  10 

2  47 

2  27 

2  18 

1  61 

41 

a 

6  62 

4  42 

3 

60 

8  21 

2  60 

2  87 

2  21 

1  67 

ti 

0  12 

4  68 

4 

9 

8  33 

8   0 

2  45 

2  29 

2   3 

6 

0  82 

6  14 

4 

21 

3  44 

8  10 

2  64 

2  37 

2  11 

6 

H 

7  12 

6  46 

4 

47 

4   8 

8  37 

3  11 

2  64 

2  24 

ft* 

0 

7  62 

6  18 

6 

12 

4  29 

8  56 

8  28 

3   9 

2  31 

6 

H 

8  S3 

0  42 

6 

39 

4  52 

4  17 

3  46 

3  25 

2  50 

0* 

7 

9  10 

7  20 

0 

9 

6  14 

4  35 

4  4 

3  40 

8   3 

7 

7* 

9  49 

7  61 

0 

32 

6  89 

4  64 

4  21 

3  58 

8  16 

7* 

8 

10  28 

8  22 

0 

69 

6  68 

6  14 

4  89 

4  11 

3  29 

8 

8» 

11   7 

8  64 

7 

25 

tf  20 

6  34 

4  60 

4  27 

8  43 

5* 

9 

11  40 

9  26 

7 

61 

0  42 

6  53 

6  14 

4  42 

3  55 

9 

fi» 

12  26 

9  W 

8 

17 

7   6 

6  12 

6  82 

4*  58 

4   9 

9* 

10 

18   6 

10  28 

8 

43 

7  30 

6  32 

6  49 

5   4 

4  22 

10 

lOi 

13  44 

10  69 

9 

2 

7  61 

6  52 

6   9 

6  28 

4  35 

10* 

11 

14  29 

11  81 

9 

34 

8  13 

7  12 

6  23 

6  45 

4  47 

11 

11* 

16   2 

12   2 

10 

2 

8  86 

7  31 

6  41 

6   1 

6   1 

11* 

12 

16  41 

12  85 

10 

28 

8  68 

7  80 

6  68 

6  18 

6  14 

12 

12* 

10  21 

13   0 

10 

65 

9  21 

8  10 

7  10 

6  34 

6  27 

!?♦ 

IS 

17   0 

13  SO 

11 

20 

9  44 

8  30 

7  84 

6  50 

6  40 

18 

13* 

17  40 

14   7 

11 

41 

10  0 

8  49 

7  61 

7   3 

5  63 

18* 

14 

18  90 

14  40 

12 

12 

10  27 

9   7 

8  8 

7  20 

6   6 

14 

H* 

18  60 

15  11 

12 

40 

10  6G 

9  29 

8  26 

7  36 

6  19 

14* 

16 

19  38 

15  41 

IS 

6 

11  10 

9  49 

8  43 

7  50 

6  32 

16 

15* 

20  10 

10  18 

18 

81 

11  36 

10  9 

9   1 

8   9 

6  44 

1ft* 

10     20  66 

10  40 

18 

68 

11  67 

10  29 

9  18 

8  23 

6  58 

10 
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SECTION  3 

LATHE  WORK 

Lflllie  Tools  for  Steel  or  Wrovght  Iroiu    Holders  and  Cutters.    Taming 

SteeL    Cuttlng-off  Tools.    Threading  or  Screw  Cutting.    Bolt  and 

Nut  Making.     Making  a  Tensile  Test  Specimen.     Making  a 

Stud.    Table  U.  S.  S.  Bolt  Heads,  etc.    Litemational  and 

French  Standard  Threads.    Indexing  in  Engine  Lathe. 

Making  an  Engine  Lathe  Live  Center. 

Automobile  Screws  and  Nuts. 

LATHE  TOOLS  FOR  STEEL  OR  WROUGHT  IRON 

1.  More  rake  is  used  on  these  tools  than  on  those  used  for 
cast  iron. 

2.  Right-side  tooL — Top  face  A,  Fig.  1,  is  given  a  side 
rake  of  about  35^  and 

side  clearance  of  10^. 
A  lubricant  may  be  used, 
but  good  results  are  ob- 
tdned  in  squaring  and 
turning  small  work  dry. 
See  Lubricants  for  Cut- 
ting Tools,  pp.  148-150. 

3.  Step  method  of  squaring.  —  To  square  a  rough  end  or 
remove  extra  length,  the  step  method  is  used:  Set  side  tool 
about  95°  from  axis  of  work  as  shown  in  Fig.  2,  which  gives  a 
clearance  of  about  5®  for  rough  squaring.  The  side  tool, 
Fig.  2,  is  fed  inward  about  ^'%  then  fed  by  hand  long, 
feed.  This  cuts  the  first  step,  as  at  1.  The  process  is  repeated 
at  2,  and  so  on  to  the  countersink.  Then  a  continuous  rough- 
ing cut  is  taken  outward.  When  a  forging  or  stock  for  a 
shaft,  or  spindle,  is  extra  long,  the  first  end  is  rough  squared 


MCNT  Slot 

TOOL  ^OR 

STCCL  OR 

WROUOMT  IRON 

8  C 

Fia.  1.  —  Side  Tool  for  Squaring 
Steel  oh  Wrought  Iron. 


Fig.  2.  —  Step  Method  of  Squaring. 
301 


Fig.  3.  —  Method 
of  Squaring 
Large  Amount 
OF  Stock. 
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in  the  regular  way,  and  the  second  end  by  the  step  method,  as 
at  il,  Fig.  3.  The  stem  left  is  chipped  and  filed  off.  The 
ends  are  recentered  and  finish  squared.  If  extra  length 
exceeds  f '^  a  cutting-off  tool  may  be  used. 

For  finish  squaring  set  side  tool  about  93^  from  axis  of  work, 
which  gives  a  clearance  of  about  3**,  and  feed  outward. 

Information.  —  On  some  classes  of  work  where  length  is  not 
important,  the  ends  are  chamfered  and  all  squaring  omitted  or 
the  work  is  only  rough  squared  and  finish  squaring  omitted. 

4.  Right  diamond-point  tool.  —  For  machine  steel  or 
wrought  iron  the  top  face  A,  Fig.  4,  is  given  a  combi- 
nation of  front  and  side  rake  of  about  35®  for  roughing  or 
finishing.  For  carbon  steel 
(annealed)  it  is  usually 
given  less  rake,  25®  or  30®, 
and  the  cutting  speed  re- 
duced. 


B  c 

FiQ.  4.  —  Diamond-point 
Tool  por  Turninq  Steel 
OR  Wrought  Iron. 


Fig.  5.  —  Rough  Turnikq 
Steel  or  Wrought  Irok. 
Good. 


A  BAD 
HOUOHINO  CHIP< 


6.  To  tism  with  a  diamond-point  tool.  —  Fig.  5  shows  a 

diamond-point  tool  taking  a  roughing  cut  on  machinery  steel 

or  wrought  iron. 

6.  Steel  or  wrotight-iron 
chips.  —  In  Fig.  5  a  chip 
cut  by  a  tool  with  36®  rake, 
which  produces  a  good  sur- 
face, is  shown,  while  in  Fig. 
6  the  strsdght  broken  chip 
is  cut  by  a  tool  without  rake, 

which   requires    more  power  and  leaves  a  ragged  surface. 

Only  the  inexperienced  would  use  a  tool  without  rake  for 

squaring  and  turning  steel  or  wrought  iron. 


inaNT  OIAMONO 
rOINTTOOL 


Fig.  6.  —  Rough  Turning  Steel 
OR  Wrought  Iron.    Bad. 
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7.    A  small  roughing  tool,  substitute  for  diamond-point,  as 
in  Fig.  7,  is  often  used  in  roughing  and  finishing  steel  or 


Pig.  7.  —  Rough  ToitmNG  Stkbl  or  Wrought  Iron. 

wrought  iron.  It  may  be  used  for  heavy  cuts  on  cast  iron. 
It  is  ^ven  considerable  side  clearance,  see  end  view,  which 
shows  at  A  a  section  taken  at  BC.  The  point  b  shaped  as 
shown  at  D  and  E. 

8.   A  laxge  roughing  tool  for  steel  or  wrought  iron  is  shown 
in  Fig.  8. 


Fn.  8.  —  Rough  Tubxong  Stbsil  or  Wrought  Jmostu 
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9.  Large  roughing  tool  ground  from  bar.  —  Fig.  9  shows  a 
heavy  roughing  cut  on  a  piece  of  tough  nickel  steel  taken 


:3^ 


STSLLITC 


5 


Fio.  9.  —  Rough  Turning  Stebl  or  Wrought  Iron. 

with  a  large  roughing  tool  made  of  high-speed  steel  and  ground 
from  the  bar.    See  Stellite,  p.  SlO. 


WRoiSj'^oi. 


Fio.  10.  —  FiNiBHiNO  Stbbl 
or  Wrought  Iron. 


A  B 

Fig.  11.  —  Finishing  Stebl 
OR  Wrought  Iron. 


10.  To  finish  turn  steel  or  wrought  iron.  —  The  diamond- 
point  tool  in  Fig.  10,  with  a  fine  feed,  is  best  adapted  to  use 
for  finishing.  To  save  time,  small  and  large  square-nose  finish- 
ing tools,  Figs.  11, 12,  are  often  used  on  large  work  with  a  lubri- 
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cant,  light  cut  and  coarse  feed.  The  tools  drag  a  little;  that 
is,  the  back  comers  are  set  to  cut  deeper  than  the  front  comers 
to  avoid  chattering.    See  A,  Fig.  12. 

11.  Spring  finishing  tool.  — 
Fig.  13  shows  a  high-speed  steel 
spring  tool  taking  a  light  finishing 
cut  with  a  lubricant  on  a  shaft 
of  nickel  steel. 

Attention.  —  Broad-nose  tools 
have  a  great  tendency  to  chatter 
and  produce  a  rough  corrugated 
surface  caused  by  the  long  cutting 
edge,  and  made  worse  by  frail, 
slender  work,  loose  spindle  bear- 
ings and  loose  cross  slide. 

12.  Action  of  spring  tools. — 
Broad-nose  finishing  tools  have 
a  tendency  to  dig  into  the  work.  The  curved  portion  of 
tool  in  Pig.  13  serves  as  a  spring,  and  when  the  cutting  edge 
is  set  at  the  height  of  center,  it  will  spring  away  from  rather 


Fia. 


12.  —  Finishing  Steel  ob 
Wrouoht  Iron. 


Fia.  13.  —  Finishing  Steel  or  Wrought  Iron. 


than  into  the  work  when  a  hard  spot  is  encountered  as  the 
pivoting  point  is  above  the  center.  The  success  of  spring 
tools  depends  upon  having  the  proper  amount  of  spring  in 
proportion  to  length  of  cutting  edge  and  diameter  of  work. 
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13.  A  left  side  tool  is  shown  in  Fig.  14.  It  is  ground 
with  the  same  angles  as  the  right  side  tool  and  is  used  for 
squaring  left  shoulders. 


Fia.  14.  —  Left  Side  Tool  for  Steel  or  Wrought  Iron. 

14.  A  left  diamond-point  tool  is  shown  in  Fig.  15.  It  is 
used  for  turning  from  left  to  right. 

16.  A  right  half -diamond  point  tool  is  shown  in  Fig.  16.  A  is 
its  top  face.  It  can  be  used  to  turn  up  to  and  to  square  a  shouldor. 


Fig.  16.  —  Left  Diamond-point 
Tool  for  Steel  or  Wrought 
Iron. 


Fig.  16.  —  Half  Diamond-point 
Tool  for  Steel  or  Wrought 
Iron. 


HOLDERS  AND  CUTTERS 

16.  Holders  with  inserted  cutters  or  bits,  in  Chart,  Fig.  22, 
are  displacing  forged  tools  to  a  large  extent.  The  cutters  are 
high-speed  steel  or  stellite,  see  p.  3lO,  and  obtainable  square, 
round,  etc.,  2"  to  3"  in  length,  hardened  and  ready  to  grind 
or  in  unhardened  bars,  which  are  cut  by  nicking  all  four  sides 
with  a  grinding  wheel  and  breaking  off  in  a  vise.  See  Prin- 
ciples  of  Machine  Work.  The  cutting  angles  are  the  same  as  on 
forged  tools,  and  a  student  should  become  familiar  with  forged 
tools  before  using  holders  and  cutters. 

17.  Holders  and  cutters  for  cast  iron,  Fig.  17.  —  Cutter  or 
bit  A  is  held  at  an  angle  of  20®  in  holder  B  and  is  secured  by 
screw  C  with  short  wrench  D. 

To  turn  cast  iron  the  end  of  the  cutter  is  shaped  like  a  right 
diamond-point  tool  as  at  £  and  for  cutting-in,  facing,  or 
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squaring,  the  tool  is  shaped  like  a  left  diamond-point  tool  as 
at  F,  and  used  as  O. 

18.  Holders  and  cutters  for  steel  or  wrought  iron.  Fig.  18. 
—  Cutter  or  bit  A  is  held  at  an  angle  of  20®  in  holder  B  and 
is  secured  by  binder  C. 


^rw 

«:,° 

.„     .\ 

eiirnM  bi 
root 

U^ 

// 

ROMH  SqUARINO.  ROUttH  TUKNIkQ. 

FiQ.  17. — Holders  and  Cuttbbs  for  Cast  Iron. 

To  tiun  steel  or  wrought  iron  the  cutter  is  shaped  like  a 
right  diamond-point  tool  with  25*"  to  30"*  rake  as  at  D.  To 
square  steel  or  wrought  iron  the  cutter  is  shaped  like  a  right 
side  tool  with  25®  to  30®  rake  as  at  £,  and  used  as  at  F.  See 
Method  of  Squaring,  p.  3oi. 


■MMT  SIM                  iAnr  aum&to 
root.  


OWTTCM  M  WT. 


ROUOH  SqUARINO.  ROUOH  TURNIRO. 

FlQ.   18. — HOLDBRS  AND  CuTTBRS  FOR  StBEL  OR  WROUGHT  IrON. 

/ 

Fig.  20  shows  at  D,  B,  and  F  some  uses  to  which  straight 
holders  and  cutters  may  be  put;  and  Fig.  21  shows  some  uses 
of  the  right  and  left  bent  or  offset  holders  and  cutters  0  and  H. 
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19.  Useful  forms  of  cutters.  —  For  convenience,  one  should 
have  a  number  of  cutters  ground  to  suitable  cutting  angles 
for  different  materials  and  for  different  operations,  as  /,  /, 
K,  L,  M,  N,  Fig.  19. 


^^  VAOINC  t  WOUT  TOOt                         1 

lOUND  NOSE  TOOC^ 

TOP  V1BW 

W 

1 

// 

SIDC  VIEW 

<■""  1 

8I0C  TOOL 

1  ._2> 

TOP  VltW 

^^ '      '      ^ — ^ 

8I0C  vnw 

NyCAST.IHOII 

POINT  TOOL 

"~i^ 

TOT  VIEW 

w 

K 

^-y 

aiM  view 

1    CUTT1N0  Off  TOOL 

■a  TMa  TOOL           i 

TOP  VIEW 

\    \ 

L 

// 

SIM  VIEW 

< 

TMaTOOL 

•"> 

TOP  VIEW 

w 

M 

// 

SIDE  VIEW 

(^INSIDE  KOUND 

PORMINO 

OUTSIDE  ROUND    ^ 

TtP  VIEW 

w 

N 

/ 

Fig.  10.  —  Useful  Forms  of  High-sfbed  Steel  Cttttebs. 


Digitized  by  VjOOQ IC 


lATHE  TOOI^  FOR  STEEL  OR  WROUGHT  mON        809 


Fig.  20.  —  Operations  with 

HOLDEBS  AND   CXTTTBBS. 


Fia.  21.  —  Squaring  or  Facing 
WITH  Offset  Tools. 


CHART  OF  LATHE  TOOL  HOLDERS 

fOH  VARIOUS  FORMS  OF  HIQH  SPEED  STEEL  OUTTERS 

OUTSIDE  TURNING  AND  THREADING 


DUMONOPOMT 
OKROUNDNOK 


c4 


DUMONDPOIirr 


OOMB.  HOLDER 

ROuoHina 


SWIVEL  HEAP 


CUTTINO  OFF 


18 


CUTTINQ  OFF 


RINO 
CUTnNO  OFF 


Ml 


uTx 


V  OR  U.8.S. 
THREAOINO 


iCNTVORUi-a 
THREAOINO 


11 


Q>> 


19 


THREAD 
CHA8ER 


SQUARE 
THREADING 


14 


DOUBLE 
TOOL  HOLDER 


INSIDE  TURNING  AND  THREADING 


21 


V  OR  U.S.S. 
THREADtNO 


THREAOWa 


23 


c  a  I 


24 


Fig.  22. 
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20.  Hlg^-speed  steel  in  general  is  made  by  alloying  iron 
with  tungsten  and  chromium  or  molybdenum  and  chromium. 
In  some  brands  other  ingredients  are  used  such  as  vanadium, 
manganese,  etc.  The  different  kinds  are  hardened  by  heating 
from  1800°  F.  to  2200°  F.  and  cooling  in  air  blast  or  oil.  High- 
speed steel  has  a  much  greater  cutting  efficiency  than  carbon 
steel.  See  Principles  of  Machine  Work.  It  is  largely  used 
for  cutters  in  tool  holders,  for  engine  and  turret  lathe  work, 
screw  machines,  planers  and  shapers. 

Bars  and  disks,  annealed,  are  obtainable  for  making  twist 
drills  and  milling  cutters. 

21.  Stellite,  a  superior  high-speed  cutting  metal,  is  an  alloy 
of  cobalt,  chromium,  tungsten  and  molybdenum  in  varying 
proportions.    Since  it  contains  no  iron  it  is  not  a  steel. 

It  is  cast  in  bars  and  has  a  scleroscopic  hardness  of  about 
70.  The  cutters  are  used  in  tool  holders,  see  Figs.  17,  18,  or 
welded  or  brazed  to  a  machine-steel  shank  to  eliminate  break- 
age.   See  A,  Fig.  9. 

Round-nose  cutters  are  preferred,  and  sharp  points  avoided. 

Owing  to  its  brittleness,  stellite  should  not  be  used  for  planer 
or  sharper  work  but  for  lathe  work  where  the  cut  is  continuous. 

The  cutter  should  not  project  more  than  one-half  inch  beyond 
holder,  should  fit  well  on  the  bottom  and  be  tightened  only 
enough  to  give  it  a  firm  hold. 

TURNING  STEEL 

22.  To  make  plain  machine  handle,  Fig.  23. 

Specifications:   Material,  ma- 

chiae  steel,  tV"  to  i"  larger- 
weight,  1  lb.  5.  oz. 

Hardness,  15  to  16  (sclero- 
Bcope). 

Carbon-steel    cutting    tools. 

Fig.  23. -Schedule  Dhawing.       See  Exceptim  p.  205 

Lubncant,  dry  or  lard  ou. 
While  a  lubricant  may  be  used  in  all  machining  operations  on  steel 
or  wrought  iron,  it  is  best  to  omit  the  lubricant  when  squaring  (side 
tool)  or  turning  (diamond-point  tool)  small  work. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  lathe, 
4  min. —  Center  and  Square,  14  min. —  Rough  and  finish  turn,  square 
shoulder  and  file,  27  min. —  Clean  lathe,  3  min. —  Total,  53  min* 
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SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


File  stem  off  ends. 

Center  to  ^".  (1).  (9).  hand  or 
machine  method. 

See  that  live  center  is  nearly  true 
and  dead  center  in  approxi- 
mate alinement.    See  p.  llO. 

Oil  bearings. 

Rough  square  (S),  reverse  work 
on  centers  and  repeat  on  (4) , 
by  step  method  to  4J"  + 
it".    Seep.  80l. 

RecentertoA".  (•).(•)• 

Finish  square  (grind  tool),  to 
4J".  (1),  (8). 

Rough  turn  to  1^"  +  A".  (»). 
one  cut.  Turn  half  way,  re- 
verse and  turn  other  half. 

Draw  line  V*  from  one  end  (1€) , 
for  length  of  reduced  part. 

Rough  turn  to  f  +  A",  (11). 
and  within  ^''  of  line  (!•), 
two  or  three  cuts. 


Rough  square  shoulder   (12). 

See  p.  l33. 
Finish  turn  (grind  tool),  to  }''. 

(IS),  one  cut. 

Finish    square     (grind     tool) 

shoulder  to  length  (14). 
Finish  turn  to  l^V"*  C^^)*  one 

cut.    Turn  half  way,  reverse 

and  turn  other  half. 
File  to  remove  tool  marks  (1«), 

(11). 


Stamp  name  on  large  end. 


Machines,  Spbbdb, 
Feeds. 


Viae. 

Speed  lathe  or  center- 
ing machine. 

Engine  lathe,  12"  to 
16". 


2d  speed,  or  25  F.P.M. 
Hand  feed. 


Speed  lathe,  3d  speed. 

Engine  lathe.  2d  or  3d 
speed  or  50  F.P.M. 
Hand  feed. 

1st  or  2d  speed,  or  25 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

Vise. 

Engine  lathe,  1st  or 
2d  speed,  or  25 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

2d  or  3d  speed,  or  25 
F.P.M.   Hand  feed. 

3d  speed,  or  50  F.P.M. 
Fine  power  feed  — 
140  to  1". 


4th  speed,  or  175 
F.P.M.,  or  speed 
lathe,  3d  or  4th 
speed. 

Vise,  copper  jaws. 


Tools. 


Bastard  or  2d-cut 
file. 

A"  drill.  60"  counter- 
sink, rule,  lard  oil. 


Machine  oil. 

Dog,   side  tool   35"* 

rake,         calipers, 

rule. 

60®         countersink, 

rule,  lard  oil. 
Side  tool  35®  rake, 

calipers,  rule. 

Diamond-point  tool 
35®  rake,  calipers, 
rule. 

Copper        sulphate, 

scriber,  rule. 
Dog,   copper   under 

set  screw. 


Side  tool  35®  rake, 

rule. 
Diamond-point  tool 

35®  rake,  calipers, 

rule. 
Side  tool  35®  rake, 

rule. 
Diamond-point  tool 

35®  rake,  calipers, 

rule. 
8"  or  10"  miU-bas- 

tard  file,  file  card. 


\"  steel  letters,  ham- 
mer. 


Attention, — Turn  to  dimensions  with  no  allowances  for  filing  or 
fitting  unless  reduced  part  (13)  is  to  be  a  driving  fit. 

Note. — This  handle  may  be  nurled  or  formed  to  suit  conditions. 
See  pp.  437,  635,  636. 
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23.  Double  holder. — Fig.  24  shows  a  "  home-made  "  double 
tool  holder  A,  facing  both  sides  of  blank  B  in  one  operation. 


Fig.  24.  —  Facing  Gear  Blank  wtih  Doublb  Holder  and  Cuttbbb. 
Cutters  C|  C  are  adjusted  to  cut  as  desired,  then  clamped  by 
screws  D,  ly. 

For  duplicate  pieces,  clamp  lathe  carriage  and  use  index 
pointer  on  mandrel  press  to  locate  blank  on  mandrel. 

24.   Two  forged   tools  for  facing.  —  Two  bent   tools   A 


Fig.  25.  —  Facing  Gear  Blank  with  Two  Forged  Tools. 
and  A^,  Fig.  25,  held  in  two  tool-posts  B  and  B'  or  by  a 
bolt  and  strap,  may  be  used  to  face  the  sides  of  gear  blank  C. 
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CUTTING-OFF  TOOLS 

25.    Cutting-ofif  tool.  —  Fig.  26  shows  a  cutting-off  tool 
for  all  metals.     A  is  its  top  face.     For  clearance  it  is  made 

A 


FORGED 

CUTTING    OFF 

TOOL 


D' 


H 


Fia.  26.  —  Cutting-off  Tool  for  All  Metals. 

wider  at  the  point,  as  shown.  For  steel  or  wrought  iron  a 
lubricant  must  be  used,  and  the  tool  is  often  given  front 
rake.  For  cast  iron  or  brass  the  tool  is  used  dry.  The  cut- 
ting speed  is  the  same  as  for  rough  turning. 

Cutting-off  stock.  —  The  tool  is  used  close  to  the  chuck  jaws, 
as  in  Fig.  27,  and  should  never  be  used  to  cut  off  stock 


STOCK 

M 


Fig.  27.  —  Cuttino-off  Stock  in  Engine  Lathe. 

more  than  one  diameter  of  stock  away  from  chuck  jaws  leet 
it  catch  and  break  and  also  strain  the  chuck.  Do  not 
attempt  to  sever  stock  completely,  as  in  Fig.  28,  but  finish 
cutting  with  a  chisel  or  hack  saw.  Fig.  29  shows  an  offset 
cutting-off  tool  holder  and  cutter. 


Digitized  by  VjOOQ IC 


814 


ADVANCED  MACHINE  WORK 


Fig.  28.  —  How  to  Break  a  Cutting-off  Tool. 
T         f 


FlQ.   29.  —  CUTTINO-OFF  ToOL  HoLDER  AND  ClTITBR. 

26.  To  prepare  two  shaft  blanks,  one  to  turn  and  file 
running  and  driving  fits  (Fig.  30),  and  one  to  grind  running 
and  forcing  fits  (Fig.  31). 


Yt)  I   ^^   RUNNING  FIT 


ROUGH  TURN 
1.078* 

L 


i'dwive  pit   n) 

TURN    ^^tg 

LOW  ^-»ii 


®    ®    ®'    ®         ^    ® 


STOCK 

machine  steel 

Fig.  30. — Preparing  Shaft  Blank  for  Turning  and  Fujno  Fits. 
schbdxtle  drawing. 
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l{^   RUNNrNO  PIT 
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ROUGH  TURN 
I.OTi" 


± 


FOKCE  PIT 


LTI     RofioH 

U  J  TURN 


'4-K 


h)  ^  i  ®t    %^ 


STOCK 
MACHINE  STEEL 

FiG.  31.  —  Preparing  Shaft  Blank  fob  Grinding  Fits. 
ScHSDULE  Drawing. 
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Spedllcfttions:  Material,  machine  steel  ^*  to  |'  large;  weight,  2  lb. 
10  OS.  each.    Machine  dry,  or  use  lard  oiL 

For  heat  treatment  see  Prindplea  qf  Machine  Work, 

Hardnees,  15  to  16  (sderoscope). 

True  live  center.    Set  dead  center  in  approximate  alinement,  see  p.  lie. 

Hi^-speed  steel  or  stellite  cutting  tools.     See  Exceptionj  p.  2o6. 

Time :  Study  drawing  and  schedule  in  advance,  5  min. — Oil  lathe,  4  min. 
— Center  and  square  both  shafts,  28  min. — Rough  turn  both  shafts,  30 
min. —  (Center  and  square  one  shaft,  15  min.  — Rough  turn  one  shaft,  16 
L.)    Clean  lathe,  3  min. 


MULTIPLE  SCHEDULE  OF  OPERATIONS, 
MACHINES   AND  TOOLS 


OpERATlONa. 

Machines,  Speeds, 
Feeds. 

Tools. 

Center  (1),  (2),  Rg.  30  and  (1).  (8), 

Centering  machine. 

A'  or  No.  43  driU, 

Fig.  31  to  A*. 

Drm8peed,1200 

60®   countersink, 

R.PJ£.  Counter- 

lard  oil. 

funk  speed,  500 

R.E.M. 

Rough  square  (8),  (8),  then  (4),  (4) 

Engine  lathe,  12^ 

Dog,   side  tool    or 

to8A^ 

to    16*.     2d   or 

holder  and  cutter. 

3d  speed,  or  60 

35<'rake,cal]peri» 

F.P.M.  Hand  or 

rule. 

power  feed. 

Reoenter  to  A'  <^^  Giuah  square 

3d  or  4th  speed,  or 

(8),  (8),  then  (4).  (4). 

80F.P.M.  Hand 
or  power  feed. 

2d  or  3d  speed,  or 

Two  dogi  with  cOfH 

tant  from  ends,  (ff),  (5).    Rough 

60  r.P.M.    Me- 

per,   diamond- 

dium  power  feed 

point  tool    or 

and  turn  (7),  (7).      One  or  two 

SOtol*. 

holder   and   cut- 

outs. 

ter,  3&*  rake,  mi- 
crometer. 

Mark  lines  at  (8),  (8). 

Copper  sulphate, 
rule,  scriber. 

Rough  turn  (9), (9)  to  (8),  (8).    One 

1st  or  2d  speed,  or 

out. 

60    F.P.M.   Me- 
dium power  feed 
—80  to  1". 

Out  reoesB  to  ^'  diameter,  (10). 

1st   or  2d  speed, 

Cutting-off    tool 

or    30    F.P.M. 

oomen  Toundedt 

Hand  feed. 

lard  oil,  calipers. 

To  grind  fits,  see  pp.  7l6,  720. 

rule. 

To  turn  and  file  fits,  see  pp.  8l6,  8l7. 
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27.   To  turn  and  file  1"  drive  fit,  (10),  (11),  Fig.  32. 

—  '*•-- 

i  DRIVE    FIT   * 


SHAFT  BLANK 
MACHINE  STEEL 


RUNWIMQ  FIT 

FIT  TO 
1]^  HOLE 


^ 


ORIVC   FIT 

Fit  TO  ^ 
1*  MOLE 


®         ® 


Fig.  32.  —  Schedule  Drawing. 

Spedflcations:  Material,  shaft  blank  machine  steel,  rough  turned  1.015' 
diameter.    Hardness,  15  to  16  (scleroscope).     Machine  dry,  or  use  lard  oil. 

High-speed  steel  dr  stellite  cutting  tools.    See  Exception^  p.  2o5. 

Time :  Study  drawing  and  schedule  in  advance,  3  min.  —  Oil  lathe,  4  min. 
— True  live  center.  Set  lathe  straight,  rough  and  finish  turn,  file  and  fit, 
25  min.  (With  blank  prepared.)  —  Glean  lathe,  3  min.  —  Total,  36  min. 
(Preparation  of  blank,  31  min.  extra.) 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


Machines,  Speeds. 
Feeds. 


Tools. 


To  Make  Fit  by  Trial  and  Correction,  (10). 


True  live  oenter. 

Set  dead  center  in  accurate  aline- 
ment  to  turn  straight  using  this 
shaft  or  trial  piece  the  same 
length,  pp.  Il6,  ll7. 

Push  mandrel  into  rearaod  hole  in 
work  (flange  or  gear).  Set  cali- 
pers to  large  end  close  to  work. 
Take  several  light  cuts  about  i" 
in  length  until  calipers  fit  work 
slightly  harder  than  on  mandrel. 

Hold  work  in  vise.  Oil  shaft  and 
press  into  large  end  of  hole. 
When  it  enters  from  ^''  to  i^" 
with  hand  pressure,  continue  cut 
to  shoulder. 

Square  shoulder,  (11). 


File  small  portion  at  end.  Clean, 
oil,  and  press  into  hole.  Continue 
filing  sparingly  and  testing  until 
shaft  will  enter  hole  one-third 
length  of  fit.  Keyways  are  cut 
and  key  fitted  before  shaft  is 
pressed  or  driven  to  shoulder. 


Engine  lathe,  12" 
to  16".  2d  or 
3d  speed,  or  70 
F.P.M.  Fine 
power  feed  — 
140  to  1". 

2d  or  3d  speed,  or 
70  F.P.M.  Fine 
power  feed  — 
140  to  1". 


Vise. 


3d  or  4th  speed, 
or  70  F.P.M. 
Hand  feed. 

Engine  lathe,  4th 
speed,  or  speed 
lathe,  1st  or  2d 
speed,  or  176 
F.P.M. 


Center  truing  tool. 

Dog,  copper,  dia- 
mond-point tool, 
or  holder  and 
cutter,  35°  rake, 
micrometer. 

1"  mandrel,  dia- 
mond-point tool, 
or  holder  and  cut- 
ter, 35°  rake,  caU- 
pers,  oil-stone. 

Copper  jaws. 


Side  tool,  rule. 


8"  or  10"  mill  bas- 
tard file,  file  card, 
lard  oil. 
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Attention.  —  Hand  pressure  means  grasping  dog  with  both  hands,  and 
pressing  shaft  hard  into  hole  with  a  right  rotation.  A  left  rotation  will 
remove  it.  After  each  trial,  the  brightness  of  the  surface  and  testing 
with  calipers  will  indicate  where  to  file.   This  is  often  called  a  wringing  fit. 

28.    To  make  l""  drive  fit  by  allowance.  Fig.  32. 


Turn  to 


il: 
II: 


008'... 
004'  .. 
and 
00126'. 
00100*. 


FUe  to 

See  Belt-power  Forcing  Press,  p.  220 


,  Micrometer. 


29.  To  turn  and  file  l^'^  running  fit  by  allowance,  (12), 
Fig.  32. 

specifications:  Material,  shaft-blank,  machine  steel,  rough-turned  1.078" 
diameter.    Hardness  15  to  16  (scleroscope). 

High-speed  steel  or  stellite  cutting  tools.    See  ExcepfMn^  p.  805. 

Time ;  Study  drawing  and  schedule  in  advance,  3  min. — Oil  lathe,  4  min. 
— True  live  center.  Set  lathe  straight,  rough  and  finish  turn,  file  and  fit, 
42  min.  (With  blank  prepared.)  — Clean  lathe,  3  min.  — Total,  52  min. 
(Preparation  of  blank,  31  min.  extra.) 


SCHEDULE  OP  OPERATIONS,  MACHINES  AND  TOOLS 


Opbbationb. 


True  live  oenter. 

Set  dead  center  in  accurate  aline- 
ment  to  turn  straight  using  this 
shaft  or  trial  piece  the  same 
length,  pp.  lie,  ll7. 


Oiind  and  oilstone  tool.   Take  light 
cuts  at  end  about  }  "  in  length 
until  work  measures 
)  1.0650" 
\  1.0645" 

Take  cut  from  end  to  end  by  re- 
versing work,  one  cut. 

FUe  over  entire  surface  to  erase  tool 
marks  and  until  work  measures 
5  1.0620" 
\  1.0616".  (W). 


MAOHnnss,  Spbbdb. 
Fbbds. 


Engine  lathe  12" 
to  16".  3d  or 
4th  speed,  or  70 
F.P.M.  Fine 
power  feed  — 
140  to  l^ 

3d  or  4th  speed,  or 
70 F.P.M.  Fine 
power  feed — ^140 
tol". 


Engine  lathe  4th 
speed,  or  speed 
lathe.  2d  or  3d 
speed,  or  175 
F.  P.  M. 


Tools. 


Dog,  copper,  dia- 
mond-point tod, 
or  holder  and 
cutter,  35**  rake, 
micrometer. 

Diamond-point 
tool,  or  holder 
and  cutter  35* 
rake,  oilstone. 


8"  or  10"  mill  bee- 
tard  file,  file  card, 
micrometer. 


Digitized  by  VjOOQIC 


S18 


ADVANCED  MACHINE  WORK 


THREADING  OR  SCREW  CUTTING 

SO.  Forms  of  threads. — There  are  four  common  forms  of 
threads:  the  Sharp  V,  Fig.  33;  the  United  States  Standard, 
Fig.  34;  the  Square,  see  p.  610,  and  the  Acme  Standard  or 

V  THREAD  pao-  ♦ 


0  TMDe,TO  1 

*     ^     .     *     -          1     I     .  i  /    . 

pw 

u--m 

fl 

^m 

1 

)1\M 

^m 

0.7  a  3^'* 


FiQ.  33.  —  Sectional  View  or  Sharp  V  Thread. 

29^  thread,  see  p.  621.  The  Whitworth  (English)  Standard 
thread.  Fig.  55,  is  very  little  used  in  the  United  States.  It 
is  standard  in  Great  Britain  for  coarse  pitches.  The  British 
Association  Standard  thread  is  standard  for  fine  pitches.     It 


U9^  8TAN1>«A^    THflCAII 


FiQ.  34.  —Sectional  View  of  U.  S.  S.  Thread. 

is  similar  in  form  to  the  Whitworth,  but  the  angle  is  47j 
degrees.  The  International  and  French  Standard  threads, 
used  with  the  Metric  system  in  some  foreign  countries,  are 
based  on  the  same  formulas  as  the  United  States  Standard 
thread.     See  pp.  337,  351. 

31.   Right  and  left  screw  threads.  —  A  right  screw.  Fig. 
33,  enters  its  nut  when  rotated  to  the  right  (clockwise).     A 
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left  screw,  Fig.  34,  is  the  reverse.    Screws  are  supposed  to 
be  right-threaded  unless  designated  left. 

32.  Uses  of  different  threads.  —  A  right  Sharp  V  or  United 
States  Standard  thread  is  used  to  fasten  parts  together.  A  left 
thread  is  also  used  to  fasten  parts  together,  but  only  where 
a  rotary  motion  would  loosen  a  right  thread  as  a  nut  on  the 
near  side  of  a  wagon  axle.  The  Square  and  29^  threads,  both 
right  and  left,  are  used  to  transmit  motion.    See  pp.  610-632. 

33.  Method  of  threading  screws  and  nuts.  —  Screws  for 
fine  machine  parts  are  threaded  in  a  lathe.  Bolts,  studs, 
and  screws  are  threaded  with  dies  by  power  and  by  hand. 
See  Dies,  Principles  of  Machine  Work. 

34.  Lead  screwsi  taps,  and  worm  screws  may  be  milled 
with  a  thread  milling  machine.  See  Thread  Milling  Machine, 
pp.  1047-1049. 

36.  Small  nuts  are  threaded  with  a  tap  by  hand  or  power; 


Fig.  35.  —  Screw  and  Nut. 

large  nuts  are  usually  threaded  in  a  lathe.     Fig.  35  shows  a 
screw  and  section  of  nut. 

36.  Rolled  threadSy  produced  by  rolling  the  material  be- 
tween moving  dies,  are  used  on  stove  bolts,  carriage  bolts, 
some  machine  screws,  etc. 

37.  Single  and  multiple  threads.  —  Ordinary  screws  are 
single  threaded,  but  for  special  purposes  screws  are  double 
threaded,  triple  threaded,  etc.     Examine  the  end  of  the  screw ; 
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if  only  the  end  of  one  thread  and  one  groove  is  found,  it  is 
single  threaded,  etc.    See  Multiple  Threads,  p.  631. 

38.  The  pitch  of  a  thread  is  the  distance  along  the  axis  of 
the  work  from  the  center  of  one  thread  to  the  center  of  the 
next,  as  P,  Fig.  33. 

39.  The  lead  of  a  thread  is  the  distance  the  screw  advances 
in  one  revolution.  In  a  single  thread,  the  pitch  is  equal  to 
the  lead;  in  a  double  thread,  the  pitch  is  one-half  the  lead,  etc. 

40.  Threads  or  pitches  per  inch  signify  the  number  of 
threads  contained  in  one  inch  in  length.  For  example,  for 
tV"  pitch  we  have  10  threads  per  1"  (often  called  10  P.) 

41.  The  diameter  of  threaded  work  is  me^ured  over  the 
tops  of  the  threads,  as  1",  Fig.  33. 

42.  The  root  or  bottom  diameter  is  measured  at  the  root 
or  bottom  of  groove,  as  .7835",  Fig.  33. 

43.  Thread  calipers.  Fig.  36,  may  be  used  to  test  the 
diameter  of  Sharp  V,  United  States  Standard  or  29**  thread 


Fig.  36.  —  Calipering  Screw 
WITH  Thread  Calipers. 


Fig.  37.— Counting  Threads 
WITH  Steel  Rule. 


screws.  As  the  fit  is  on  the  sides  only  the  points  are  filed  to 
fit  the  thread  gage  and  are  left  truncated  as  at  A  and  A'  to 
avoid  touching  the  bottom.  The  calipers  are  set  to  size  by 
means  of  a  thread  gage,  tap,  or  screw. 

For  accurate  work,  the  screw  is  cut  nearly  to  size  of  calipers 
and  the  final  test  is  made  by  trying  screw  in  the  nut  or  work. 

44.  To  count  threads.  —  Place  rule  A  on  thread  S,  Fig. 
37,  count  grooves  in  one  inch.    To  count  Square  and  29® 
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threads,  place  the  end  of  rule  against  the  right  edge  of  one  of 
the  threads  and  count  the  spaces  to  the  right.  For  double 
threads,  triple  threads,  etc.,  count  all  the  spaces  and  divide  by 
2,  3,  etc.,  respectively. 

A  screw-pitch  gage  il.  Fig.  38,  is  used  to  determine  number 
of  threads  to  one  inch  on  a  screw  or  in  a  nut.     Handle  A 


Fig.  38.  —  CouNTiNa  Thrbaim  with  ScREw-PrrcH  Qagb. 

contains  many  blades  notched  with  all  the  ordinary  threads 
to  one  inch.  To  determine  number  of  threads  to  one  inch,  as 
at  C,  select  by  trial  a  blade  that  will  match  thread,  and  the 
number  at  D  on  blade,  as  10,  gives  number  of  threads  to  one 
inch  on  screw.  Decimal  E  is  the  double  depth  of  a  Sharp  V 
thread  of  this  pitch. 

46.  The  Sharp  V  thread,  Fig.  39.  —  The  single  depth  for 
a  1"  pitch  thread  is  .866",  double  depth  1.732".  For  pitch  P, 
depth  -  .866  P  =  2>.     Double  depth  =  1.732  P. 

No.  of  threads  per  inch' 

Root  diameter  =  Outside  diameter  —  double  depth. 
Formida:  —  Root    diameter  =  Outside    diameter  — 

1.732 


Fig.  89.  —  Section 
Showing  PrrcH  and 
Depth  of  Shabp  V 
Thbbad. 


No.  of  threads  per  inch 

Example.  —  To  find  root  diameter  of  a 
screw  1"  diameter,  8  threads  per  1". 


Solution. — 


1- 


1.732 
8 


.7835' 
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46.  Table  of  Sharp  V-thread  screws.    . 


DlAlf- 
■IliB  ow 
SCRKW. 


No.  Threads 
pXB  Inch. 


20 

18 

16 

14 

12 

12 

11 

11 

10 

10 

9 

9 

8 

7 

7 


Diam- 
eter OF 
Screw. 


No.  Threads 
PER  Inch. 


Diam- 
eter OF 
Screw. 


No.  Threads 
PER  Inch. 


3i 

31 

3i 

3i 

3 

3 

3 

21 
2f 
2k 
2i 
2| 
2f 
21 


For  Diameter  of  Tap  Drills  for  Sharp  V  Threads,  see  Principlea  of  Machine 
Work, 


47.  The  United  States  Standard  thread,  Fig.  40,  has  its  top 
and  bottom  truncated  by  i  of  the  depth,  shown  by  divisions  1, 
2,  3,  etc.,  Fig.  34.  The  single  depth  of  a  1"  pitch  is  .6496,  double 
depth  is  1.299".  For  pitch  P,  depth  =  .6496  P  =  Z).  Double 
depth  «  1.299  P. 


P  -  pitch  « 


No.  of  threads  per  inch ' 


Root  diameter  =»  Outside  diameter  —  double  depth. 
Formula,  —  Root  diameter  =  Outside  diameter  — 


1.299 


No.  of  threads  per  inch 


Flat«f. 
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Example.  —  To  find  root  diameter  of  a  screw  V  diameter, 

8  threads  per  V. 

1  299 
Solution.  —  1  -  -^ .8376^ 


Fio.  40.  —  Section  Showing  Pitch  and  Dbftr  op  U.  S..8.  Thbbao. 
48.  Table  of  United  States  Standard  thread  screws. 


DlAM- 

DXAM- 

No.  Threads 

DiAM- 

No.  Thbxaos 

CTBB  OP 
SCBEW. 

psB  Inch. 

SCBEW. 

PEB  Inch. 

ETEB  OF 
SCBBW. 

PEB  Inch. 

J 

20 

If 

8i 

3f 

3i 

A 

18 

If 

6 

3i 

31 

4 

16 

1} 

6 

31 

3i 

T9 

14 

2 

8 

3* 

3 

• 

13 

2 

3i 

3 

1  r 

12 

2- 

4^ 

4 

3 

11 

2 

4 

41 

2| 

10 

2 

4 

4* 

2f 

: 

9 

2 

4 

4i 

2f 

8 

2 

4 

5 

n 

1^ 

7 

2| 

3i 

H 

1 

7 

3 

3i 

5 

2| 

1 

6 

3J 

3* 

6 

2| 

6 

3i 

3i 

6 

2i 

For  Diameter  of  Tap  DrillB  for  U.  S.  S.  Thread,  see  Principlea  of  Machint 
Work. 

49.  The  forged  threading  tool.  Fig.  41,  is  forged,  hardened, 
and  then  tempered  to  a  light  straw  color.  The  dearanoe  at 
FDE  is  15^,  and  the  cutting  edges  are  GH  and  JK. 


FiQ.  41. — Shafb  op  Sharp  V-thsbadinq  Toou 
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The  top  is  ground  first  and  then  the  front  faces  are  ground 
to  fit  center  gage  and  the  top  is  then  set  at  height  of  center, 
as  shown  in  Figs.  42, 43  at  L,  Mj  N  and  S. 


)N 


Fio.  42.  —  Sbttinq  Threading  Tool  wtth  Cbntbr  Qaob  and  to 
Height  of  Centers. 

60.   To  set  threading  tool  at  height  of  center  and  at  right 
angles  to  work.     Fig.  43. 


THREADINO 
TOOL 

-R 

Fig.  43.  —  Setting  U.  S.  Standard  oh  Sharp  V-thrbading  Tooi<  at 
Right  Angles  wtth  Work. 

SCHEDULE  OF  OPERATIONS 


1.  Turn  work  P  to  diameter. 

2.  Chamfer  end  Q  depth  of 
proposed  thread. 

3.  Clamp  tool  R  lightly  with 
point  2^  from  tool  post. 

4.  Adjust  point  to  height  of 
dead  center  (MN,  Fig.  42). 


5.  Hold  gage  S  as  shown. 
Adjust  cross  feed. 

6.  Rap  tool  around  until  edge 
TU  13  parallel  to  work  and  ahout 
A*  from  it. 

7.  Clamp  tool  firmly. 


61.  Threading  taper  work.  —  Preferably  use  a  taper  at- 
tachment to  cut  a  thread  of  correct  pitch,  as  on  pipe  tap  A, 
Fig.  44,  as  footstock  "set  over"  will  produce  a  thread  slightly 
finer. 
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Set  thread  tool  90°  to  the  axis  of  work  as  at  B,  not  as  at  C. 
Thread  tool  D  with  gage  E  against  sha^k  as  at  F  is  correct. 


Fig.  44.  —  Sbttinq  Tool  to  Thread  Taper  Work. 


62.   A  Special  threading  tool  that  may  be  used  straight  or 
bent  to  thread  to  a  shoulder^  is  shown  in  Fig.  45. 


'V 

THREADINO 
TOOU 


P 


Fig.  45.  —  Thrbadinq  Tool  to  Cut  to  Shoulder. 

S8.    United  States  Standard  threading  tool.  —  The  United 
States  Standard  thread  is  cut  with  a  Y  tool,  A,  Fig.  46, 


A 


V. 

TMMIAOmO 
TOOL 


Fio.  46.  —  Shape  op  U.  S.  S. 

Threading  Tool  Beporb 

Truncating. 


A 

U.8.S. 

THMfAOIKtO 
TOOL 


Fig.  47. — Shape  op  U.  S. 
Threading  Tool. 


truncated  at  point  S,  Fig.  47,  i  depth  of  thread,  which  varies 
for  every  pitch.  It  is  ground  to  fit  notch  A  in  U.  S.  S.  thread 
gage,  Fig.  48,  then  truncated  at  point  to  fit  notch  which 
corresponds  with  the  threads  to  be  cut,  8,  Fig.  48.  The  tool 
is  set  the  same  as  a  Sharp  V-thread  tool. 
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InfarmaJtion.  —  The  United  States  Standard  form  of  thread, 
Bee  table,  p.  323,  has  been  adopted  by  the  United  States  govern- 
ment for  its  standard;  the  American  Society  of  Mechanical 
Engmeers,  for  the  A.  S.  M.  E.  Standard;  the  Society  of  Auto- 
motive Engineers,  for  the  S.  A.  E.  Standard  (U.  S.  F.),  see  pp. 
354--356,  and  for  nearly  all  manufacturers  and  railroads.  The 
Sharp  V  thread  cuts  deeper  than  the  U.  S.  S.  thread  and  re- 
duces both  the  tensile  and  torsional  strength  of  the  screw;  it  is 
also  more  easily  damaged.  The  U.  S.  S.  thread  is  more  scien- 
tific and  can  be  more  readily  made  standard  and  interchange- 
able. Tap  and  die  manufacturers  have  standardized  U.  S.  S. 
threads  and  only  furnish  V  threi|ds  on  special  orders  and  at 
higher  prices. 


J\ 

i- 

%«   h 

) 

5i* 

FULL  SrZE 

J 

\    "^ 

\ 

c 

^Co 

/ 

\ 

^A 

Ji^ 

1 

\ 

r^ 

y^*h- 

\ 

) 

^***^ 

^ 

><?. 

V 

) 

^\ 

t 

^; 

\ 

U.S. 

v-y 

/     d 

STANDARD 

Sr 
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THREAD 
TOOL  OAOe 

^^^'^ 

y 

v^ 

T^v^ 

"S^ 

Wjv-r 
8  THM.  TO  1  1 

IN. 

Fig. 

48.  —  Gagb 

FOR    U.    S. 

S.  Thbbad  Toou 

54.  The  theory  of  screw  cutting  in  the  engine  lathe.  —  To 
thread  a  screw  in  a  lathe,  the  threading  tool  is  moved  along 
the  bed  a  positive  and  uniform  amount  for  each  revolution 
of  the  lathe  spindle.  This  motion  is  obtained  by  means  of  a 
train  of  change  gears  which  connect  the  lathe  spindle  to  the 
lead  screw,  and  by  half  nuts  in  the  apron  which  connect  the 
lead  screw  to  the  carriage. 
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On  most  lathes  the  first  change  gear  is  on  a  separate  shaft 
called  the  stud.  On  some  lathes  this  stud  is  geared  to  rotate 
at  the  same  speed  as  lathe  spindle,  and  on  others  at  a  different 
ratio. 

Ordinary  screws  may  be  cut  with  simple  gearing  —  two 
change  gears  as  in  Fig.  60.    See  also  Compound  Gearing,  p.  833. 

66.  To  calculate  simple  gearing  with  spindle  gear  1  to  stud 
gear  1: 

Lead  screw  threads  per  inch  X  constant 
Threads  per  inch  to  be  cut  X  constant 

teeth  in  gear  on  stud 


teeth  in  gear  on  lead  screw 


The  constant  may  be  the  common  difference  in  number  of 
teeth  between  the  consecutive  change  gears,  and  this  or  any 
multiplier  may  be  used  to  obtain  available  gears. 

66»  Example.  —  To  cut  13  threada  to  1\  Lead  screw  5 
threads  to  1^;  speed  spindle  same  as  stud;  constant,  5. 

5X5       25  (gear  on  stud.) 

13  X  5      65  (gear  on  lead  screw)* 

Attention.  —  For  stud  ratios  other  than  1  to  1,  multiply 
threads  per  inch  of  lead  screw  by  ratio  of  the  stud  gear  to  the 
spindle  gear  and  proceed  as  before. 

67.  Example.  —  To  cut  13  threads  to  1^  spindle  gear  1  to 
stud  gear  2,  Fig.  60.  Lead  screw  8  threads  per  inch ;  constant, 
6;  speed  of  stud  is  one-half  speed  of  spindle. 

„  ,    .  8X2X6      96  (gear  on  stud.) 

Solution.  —     =  — 

13  X  6        78  (gear  on  lead  screw.) 

Digitized  by  VjOOQ IC 


S28 


ADVANCED  MACHINE  WORK 


58.  To  prepare  screw  and  nut  blanks  and  to  practice  screw 
cutting,  Fig.  49. 


Fig.  49.  —  Schedulb  Drawtng, 


Speciflcations:  Material,  machine  steel  ^V'^  l&rge;  weight,  6  os. 

Hardness,  12  to  14  (sclerosoope).    Carbon-steel  cutting  tools. 

If  high-speed  steel,  or  stelUte  ciltting  tools  are  used  the  speed  may 
be  increased.    See  Exception,  p.  205. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  lathe, 
4  min. — Prepare  screw  blank,  15  min.  —  Tap  and  square  nut,  8  min.  — 
"Set  up"  lathe  for  screw  cutting,  6  min. — Thread  one  end,  7  min. 
—  Thread  the  other  end,  6  min.  —  Remove  gears  and  clean  lathe,  5 
min.  —  Total,  56  min. 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 

Machxnbs,  Spbbds, 

Tools. 

File  ends  flat. 

Vise. 

10"  or  12"  bastard 

file. 

Center  (1).  (»). 

Centering     machine, 
driU  1700  R.P.M.. 
countersink        600 
R.P.M. 

tV"  drill.  60*^  coun- 
tersink, rule,  lard 
oU. 

Omit  squaring. 

See  that  live  center  is  nearly 
true  and  dead  center  in  ap- 
proximate alinement.      See 
p.  Il6. 

Engine  lathe,  12"  to 
16". 

Rottsh  turn  to  \"  4-  A".  (»). 
one  cut.    Turn  half  way,  re- 
verse, and  turn  other  half. 

Sdspeed.orSOF.P.M. 
Medium  power  feed 
—  SOtol". 

Dog,  diamond-point 
tool  35«  rake,  caU- 
pers,  rule. 

Finish  turn  to  J",  (4),  one  cut. 
Turn  half  way,  reverse  and 
turn  other  half. 

3d  or  4th  speed,  or  50 
F.P.M.  Fine  power 
feed  — 140  to  1". 
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Chamfer  ends  to  30®  approxi- 
mately (i).  (•).  Fig.  43  and 
p.  841. 

Draw  lines  V  from  each  end 
for  length  of  thread  (7),  (8). 

Tap  nut  blank.  Hole  in  \"  nut 
blank  is  punched  \\".  See 
Principlea  of  Machine  Work, 

Square  both  lidea  of  nut  to  ^j'\ 

p.  840. 


Thread  (•)  and  (!•)  to  fit  nut. 
See  pp.  818-827,  82»-832. 

When  through  threading,  re- 
move gears,  empty  drip  pan 
and  dean  lathe. 


Vise,  copper  jaws. 
Vise. 


Engine  lathe,  3d 
speed,  or50F.P.M. 
Hand  feed. 

Arrange  gears  for  13 
threads.  1st  speed, 
or  20  F.P.M. 


Side  tool  35''  rake, 
center  gage. 

Copper  sulphate, 
scriber,  rule. 

§  X  13  U.  S.  S.  tap, 
tap  wrench,  lard 
oil. 

Nut  mandrel,  side 
tool  35''  rake,  cali- 
pers, rule. 

13  pitch  U.  S.  S. 
thread  tool, 
U.  S.  S.  thread 
gage,  center  gage, 
clamp  nut,  lard  oil. 


Attention, — A  student  should  learn  screw  cutting  by  threading 
blank  ends  until  he  can  stop  cut  at  same  place  every  time  without 
breaking  point  of  tool  and  ruining  work;  also,  until  he  can  cut  a  smooth 
thread  and  make  good  fit  in  nut. 

69.    Description  of  screw-cutting  mechanisnii  Fig.  50. 


A  —  Gear  on  spindle. 

B  — Spindle. 

C  —  Gear  driven  by  one  or 

both  idle  gears. 
D  &  ly  —  Idlers  for  reversing. 
E  —  Stud  driven  by  C. 
F  —  Stud  gear. 
G  —  Lead  screw. 
H  —  Lead-screw  gear. 
K  —  Idler  gear,  loose  on  stud. 


L  — Stud. 

M —  Radial  arm. 

N  —  Bolt  to  clamp  M  so  that 

F    drives    through   KH' 

ioG, 
P  —  Reversing    lever;    shifts 

bracket  for  cutting  right 

or  left  threads. 
Q  —  Bracket  carrying  D  and 

ly. 


Exception.  —  On  lathes  that  do  not  have  reversing  gears 
D  and  D\  use  two  idlers  to  cut  a  left  thread. 
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60.  To  set  up  lathe  for  threading  or  screw  cutting.    Fig.  50. 


SCREW  CUTTINO 


Fig.  50.  —  Lathb  Set  up  for  Threading  U.  S.  S.  or  Sharp  V 
Thread  —  Simple  Gbabinq — Two  Gears  and  an  Idler  Gear. 

SCHEDULE   OF  OPERATIONS  AND  TOOLS 

CHANGE  OF  GEARS,  THREADING  TOOL,  CENTER  GAGE, 
OIL  BOX  (TIN) 


I.  Place  belt  on  step  1,  screw 
face  plate  2  hard  against  shoulder. 

II.  On  blank  3,  fasten  dog  4 
and  mark  with  chalk  the  place  in 
face  plate  where  dog  is  inserted. 
(Always  return  dog  to  marked 
slot  or  tool  will  not  resume  its 
cut.) 

III.  Grind  tool  5  to  form  of 
thread  desired,  U.  S.  S.  or  Sharp  V, 
fasten  tool  in  post  6,  and  set  with 
gage,  see  pp.  l40,  321-326. 

IV.  Feed  tool  in  with  handle 
7  until  it  touches  work,  put  on 
thread  stop  8  with  screw  9  in 
slide  10.  Brmg  stop  8  against 
shoulder  of  9  and  clamp  with 
screw  11. 

V.  Set  footstock  to  allow  i" 
travel  of  tool  beyond  work. 

VI.  From  index  plate  obtain 


gears  for  13  threads  and  arrange 
as  FF'  and  HH\ 

VII.  Select  gear  K  for  idler. 
Preferably  a  gear  nearly  the  size 
of  one  of  the  change  gears. 

VIII.  Place  stud  gear  F  on 
stud  j&,  leadnscrew  gear  H  on  G, 

IX.  Place  gear  K  on  stud  L, 
in  radial  arm  M,  oil  stud. 

X.  Adjust  mesh  of  H  and  K 
and  clamp  in  position. 

XI.  Swing  radial  arm  M,  to 
mesh  K  with  F  and  clamp  with 
boltiV. 

XII.  Be  certain  that  friction 
feed  is  out  before  throwing  in 
screw  feed. 

XIII.  Connect  lead  screw  to 
carriage  13  by  handle  S  operating 
split  nut  R.  Place  tin  box  under 
tool  to  catch  chips  and  drippings. 
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61.  To  operate  lathe  to  cut  the  thread. 


SCHEDULE  OF  OPERATIONS 


I.  Push  shipper  14  toward 
headstock,  adjust  stop  screw  9  and 
move  tool  5  to  trace  a  light  line ; 
stop  lathe  before  tool  reaches 
end  of  thread. 

n.  Finish  length  of  thread  by 
pulling  belt  by  hand,  the  first 
time  only. 

III.  Move  tool  out  from  work. 
Run  carriage  back.  Adjust  thread 
stop  screw  9  to  take  cut. 

IV.  Count  threads,  Fig.   61. 


Terminate  cut  by  power  by  eas- 
ing tool  out  when  about  i  revo* 
lution  from  end  of  cut,  or  point  of 
tool  will  snap  off. 

v.  Stop  lathe  and  reverse  im- 
mediately. 

VI.  During  return,  lubricate 
work  freely  with  lard  oil  and  ad- 
just stop  screw  9  for  next  cut. 

VII.  Feed  tool  inward. 

VIII.  Start  lathe  forward  and 
repeat. 


Fig.  61.  —  Counting  thb  Trace  of  a  Thread. 

Attention.  —  The  cutting  speed  for  threading  is  about  one- 
half  to  two-thirds  that  used  for  turning.  The  feed  must  be 
sufficient  to  allow  tool  to  cut,  for  if  tool  is  allowed  to  travel  in 
groove  without  cutting,  it  will  burnish  and  harden  sides  of 
thread  so  that  on  next  cut  the  tool  will  be  likely  to  dig  in  and 
tear  the  thread. 

Oilstone  top  face  of  tool  just  before  taking  last  few  light  cuts. 

62.  Number  of  cuts  for  U.  S.  S.  thread,  13  P. — Take  8  cuts 
of  .005'' each,  2  cuts  of  .002^"  each,  then  1  cut  of  .001 '^j  clean,  oil, 
and  test  in  nut,  and  repeat  until  screw  fits  nut.  Depth  of 
thread  when  outside  diameter  is  not  reduced  =  .0499^ 

63.  Number  of  cuts  for  Sharp  V  thread,  13  P.— Take  10 
cuts  .006''  each,  2  cuts  .002"  each,  then  1  cut  of  .001";  clean, 
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oO,  and  test  in  nut,  and  repeat  until  screw  fits  nut.     Depth 
of  thread  when  reduced  ^''  in  diameter  =»  .0588''. 

64.  To  fit  thread  to  nut.  See  p.  320.  —Take  light  cuts  as 
the  thread  approaches  size,  and  after  each  cut  clean  and  oil 
thread  and  try  nut  on.  If  a  close  fit  is  required,  cut  thread 
until  nut  will  go  on  easily  with  a  wrench.  This  smooths  down 
the  burr,  after  which  the  nut  may  go  on  with  the  fingers. 
For  a  hard  fit,  force  nut  on  with  a  wrench.  For  a  loose  fit, 
cut  the  thread  until  the  nut  will  go  on  with  the  fingers.  After 
thread  is  fitted,  chamfer  the  end  to  the  depth  and  angle  of 
the  thread  and  file  tops  of  thread  slightly  to  remove  burr. 

66.  To  reset  threading  tool  to  resume  cut.  —  If  the  tool 
is  dull  and  thread  is  only  partly  cut,  remove  the  tool,  regrind 
and  reset.  If  the  end  that  receives  the  dog  is  cylindrical, 
loosen  the  dog,  and  rotate  the  work  until  tool  fits  the  groove. 
Refasten  the  dog  and  feed  tool  away  from  work,  run  the  lathe 
forward  a  few  revolutions,  by  hand,  to  take  up  back-lash;  now 
notice  if  tool  and  groove  match;  if  they  do  not,  repeat  opera- 
tion. If  end  of  work  is  square  or  hexagonal,  as  a  bolt  head, 
and  driven  by  a  clamp  dog,  disconnect  lead  screw  from  lathe 
spindle  by  reversing  lever  in  headstock,  or  by  removing  stud 
gear,  then  adjust  work. 

66.  To  cut  left  threads.  —  Arrange  gears  as  in  cutting 
right  threads,  with  the  exception  that  the  lead  screw  must 
rotate  in  opposite  direction  which  is  accomplished  by  the 
reversing  gears  Z),  Z)',  Fig.  50,  or  by  an  extra  idler.  At 
beginning  of  thread,  cut  a  groove  in  which  to  start  tool,  and 
begin  at  left  and  cut  to  right. 

67.  To  thread  to  shoulder  or  to  terminate  coarse  thread.  — 

Cut  groove  or  drill  hole  of  diameter  and  depth  equal  to  depth 
and  width  of  thread.     See  pp.  6lO,  6ll,  621. 

68.  Fractional  threads.  —  A  fractional  thread  is  one  whose 
threads  per  inch  are  expressed  by  a  mixed  number,  as  11} 
threads  to  l'^;  or  a  fraction,  as  J  of  a  thread  to  1^  {lY  P)- 

To  count  fractional  threads.  —  Take  any  number  of  threads 
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that  will  match  with  even  inches  on  the  rule;  then  divide  the 
number  of  threads  by  the  number  of  inches. 

80.  To  calculate  simple  gearing  to  cut  fractional  threads. 
—  Proceed  as  for  whole  threads. 

Example.  —  To  cut  11 J  threads  per  inch  (1''  pipe  tap). 
Lead  screw  5  threads  per  inch;  constant,  4;  speed  of  stud 
same  as  speed  of  spindle. 

5X4        20  (gear  on  stud.) 
11 J  X  4      46  (gear  on  lead  screw.) 

70.  Compound  gearing.  —  To  cut  fine  or  coarse  threads 
that  are  not  obtainable  with  simple  gearing,  compound  i^Ge 
gearing,  using  4  gears,  Fig.  52. 


Fig.  62.  — Compound  Gearinq  fob  Thbbadino — Foub  Gbabs. 

To  compound  on  Some  lathes,  introduce  between  r^^ar 
stud  gear  A  and  lead  screw  gear  B  two  gears  of  different 
diameters,  as  C  and  D,  which  are  feather  keyed  on  a  sleeve 
that  runs  freely  on  intermediate  stud  E,  gear  A  driving  gear  C, 
and  gear  D  driving  gear  B,  The  arrangement  of  gears  is 
shown  in  end  view  at  A',  C,  D',  and  B\ 

71.  To  calculate  compound  gearing.  —  Factor  first  term 
into  two  fractions  and  treat  each  separately. 
Example.  —  To  cut  60  threads  per  inch. 
Lead  screw  6  threads  per  inch;  speed  of  stud  same  as  speed 
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of  spindle;  constant,  select  multiple  of  5,  the  common  dififer- 
ence  between  gears. 

„,.  6       2X3      2X20      40       3X10       30 

SoltUion, = •     =  — •    =  — • 

60     6  X  12     6  X  20     100      12  X  10     120 

Gear  on  stud  A,  40;  gear  on  lead  screw  B,  120;  first  gear  on 
sleeve  C,  100;  second  gear  on  sleeve  D,  30. 

AUention.  —  If  more  convenient,  exchange  drivers  A  and 
C  or  driven  C  and  B. 

72.  To  calculate  compound  gearing  for  fractional  threads, 
proceed  as  for  whole  threads. 

Example,  —  To  cut  2i  threads  per  inch  =  f. 

Lead  screw  2  threads  per  inch;  speed  of  stud  same  as  that 
of  spindle;  constant,  multiple  of  5. 


SduHon.  — 


2^8^  2X4 
i''9""3  X3' 

2  X25 

3  X25 
4X  15 
3X  15 


_  ^   >  one  pair  of  gears. 
~  4K  ( other  pair  of  gears. 


AUention.  —  It  often  happens  that  one  or  more  gears  have 
to  be  made  or  bought.  If  the  threads  per  inch  are  expressed 
decimally,  as  2.833  threads  per  inch,  proceed  as  before,  select- 
ing such  multiple  as  will  give  available  gears,  using  the  nearest 
whole  tooth  in  case  of  resulting  fractional  teeth. 

73.  Result  of  gearing  calculations  may  be  checked  as 
follows: 

For  stud  ratio  one:  Threads  on  screw  to  be  cut  X  teeth 
of  stud  gear  =  threads  on  lead  screw  X  teeth  of  leadnscrew 
gear. 

For  stud  ratios  other  than  one  and  for  compound  gearing: 
Threads  on  screw  to  be  cut  X  teeth  of  all  drivers  in  succession 
"  threads  on  lead  screw  X  teeth  of  all  followers  in  succession. 
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Example.  —  p.  327  13  X  25  =  5  X  66  =  325. 
Example.  —  p.  327  13  X  1  X  96  -  8  X  2  X  78  =  1248. 
Example.  —  p.  334  60X1X40X30  =  6X1X100 
X  120  =  72,000. 

74.  To  calculate  gearing  for  a  given  lead.  —  First  change 
to  threads  per  inch  by  dividing  one  by  the  lead  of  screw  to 
be  cut,  and  proceed  as  before. 

Example.  —  To  cut  screw  i*  lead. 

Lead  screw  2  threads  per  inch;  speed  of  spindle  same  as 
speed  of  stud;  constant,  multiple  of  5. 

1  3 

Sclvtion.  —         a  "^  9  (^^^^^^^  P®^  inch). 

2  ^  4  X  10      40 
J  ""  3  X  10  ■"  30* 

76.  Compound  gearing,  ratio  2  to  1,  is  provided  on  some 
lathes  on  an  extra  adjustable  stud.  In  such  cases,  gears  are 
selected  as  in  simple  gearing  for  one-half  or  twice  the  desired 
pitch,  and  the  2  to  1  compound  arranged  to  double  the  pitch 
or  reduce  it  one-half. 

76.  To  calculate  gearing  for  metric  screw  threads  with  an 
English  lead  screw.  —  Gear  up  lathe  as  for  cutting  a  Sharp  V 
screw  of  the  same  number  of  threads  per  inch  and  use  trans- 
lating gears.  One  centimeter  equals  approximately  V\fV  of  an 
inch.  Provide  lathe  with  pair  of  translating  gears  of  50  and 
127  teeth.     Arrange  lathe  as  in  compound  gearing.  Fig.  52. 

Example.  —  To  cut  13  threads  to  the  centimeter. 

Lead  screw  5  threads  per  inch;  speed  spindle  same  as  stud; 
constant,  multiple  of  5. 

^  ,    .  5X5      25  (gear  on  stud). 

Selvhon.  —         -r =  rr  ,  ,      , 

13  X  5      65  (gear  on  lead  screw). 

Place  translating  gears  on  feathered  sleeve,  meshing  50  with 
gear  65  and  127  with  gear  25.  A  metric  lead  screw  may  be 
used  for  cutting  English  threads. 
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77.  Threading  long  screws.  ^* Catching  the  thread'' 
(threading  without  backing  belt).  —  A  method  to  save  time 
in  cutting  long  screws  by  quick  return  of  tool  carriage  after  each 
cut  by  hand. 

1.  If  thread  is  same  as  lead  screw  or  a  multiple  of  it,  throw 
half-nut  out  at  end  of  each  cut,  return  carriage  by  hand,  throw 
in  half-nut  and  tool  will  resume  its  cut. 

2.  If  screw  to  be  cut  and  lead  screw  are  odd,  or  odd  and  even, 
move  carriage  any  whole  number  of  inches. 

3.  If  both  are  even,  any  number  of  half -inches. 

4.  If  screw  is  fractional,  as  4)  threads  to  1'',  move  carriage 
number  of  inches  equal  to  denominator  or  multiple  of  denomi- 
nator. To  obtain  this,  clamp  steel  rule  to  bed  or  use  thread 
indicator,  Fig.  53,  which  is  included  in  the  equipment  of  new 
lathes. 

78.  Thread  indicator. —  Example:  To  cut  long  screw  6 
threads  to  1'',  using  thread  indicator. 


Fig.  53.  —  Thread  Indicator. 


SCHEDULE  OF  OPERATIONS 


I.  Set  up  lathe  to  cut  5  threads  to  1"  and  adjust  thread  indicator 
to  lead  screw. 

II.  Start  lathe  and  take  one  cut. 

III.  At  end  of  cut  withdraw  tool  and,  without  stopping  lathe, 
throw  out  half-nut. 
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rV.  Move  carriage  back  by  hand  until  tool  is  beyond  end  of 
work,  then  throw  in  half-nut  A  by  handle  B  when  any  long  line  on 
dial  C  is  at  zero  line  D  and  take  another  cut. 

V.  Repeat  this  process  for  each  cut  until  threading  is  completed. 

AUentian.  —  If  thread  indicator  is  used  for  all  screw  cutting,  a 
backing  belt  is  unnecessary.  The  second  pulley  on  counter- 
shaft may  be  used  for  another  range  of  forward  speeds. 

79.  Whitworth  (EngUsh)  Standard  thread.  Figs.  54,  55. 
—  The  tops  and  the  bottoms  of  the  55°  threads  are  rounded, 
J  of  pitch,  as  shown  by  divisions  1,  2,  3,  etc. 


WHITWORTH  TKflEAD     ♦ter4l 


Fig.  54.  —  Sectional  View  of  Whitwobth  Thread. 


Fig.  56.  —  Section  Showing  PrrcH  and  Depth  of  Whitworth  Thread. 

The  single  depth  of  a  1^  pitch  is  equal  to  .64033,  and  the 
double  depth  1.28066.  For  pitch  P,  depth  =  .64033  P  =  D. 
Double  depth  =  1.28066  P  =  2  Z>. 

P  =  pitch  = 

No.  of  threads  to  1  inch 

R  =  radius  =  .1373  P. 

Root  diameter  »  Outside  diameter  —  double  depth. 
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Formula.  —  Root  diameter  =  Outside  diameter  — 

1.28066 

No.  of  threads  to  1  inch 

Example.  — To  find  root  diameter  of  a  screw  1^  diameter, 
8  threads  to  1^ 


Solviion.  — 


,       1.28066       ^^^ 
1 —  =  .8399. 


80.  Table  of  Whitworth  (English)  Standard  threads. 


DiAM- 

No.  Threadb 

DiAM- 

No.  Threads 

Diam- 

No. Threads 

BTBBOF 

Screw. 

PBB  Inch. 

BTEB   OF 

Screw. 

PER  Inch. 

eter  OF 
Screw. 

PER  Inch. 

4 

20 
18 

ll 
1  ■ 

6 
6 

3i 
3i 

3i 
3 

J 

16 
14 

1 

5 
5 

3i 
3t 

3i 
3^ 

i 

12 
12 

1} 
2 

4* 

3 
3 

3 
3 

f 

11 

2 

4r 

4 

8 

tt 

11 

2 

4 

4i 

2* 

f 

10 

2i 

2i 

4 

4i 

2* 

tt 

10 

4 

4| 

2f 

» 

9 

2 

4 

5 

2f 

it 

9 

2 

3i 
3i 

6i 

2t 

1 

8 

% 

6» 

2| 

\\ 

7 

3 

3i 

3i 

6f 

2i 

i{ 

7 

3* 

6 

2i 

Fig.  66.  —  Shape  of  WHrrwoRTH  Threading  Tool. 

81.  The  Whitworth  threading  tool.  Fig.  56. —A  tool  of 
diflferent  size  and  shape  is  required  for  each  pitch.  It  is  made 
sunilarly  to  a  formed  cutter  by  milling.    Grind  on  top  face  A. 
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82.  The  bolt  and  nut-making  operations  that  follow  apply 
to  all  work  of  this  class,  as  bolts,  studs,  nuts,  and  screws. 


Fia.  67.— Turning  Body  of  Bolt  to  Head. 


To  turn  up  to  head  of  bolt,  slant  tool  to  left  as  at  F,  Fig.  67> 
and  clamp  tool  firmly  in  tool  post. 


Fig.  58.  — Squaring  Boi/r 
UNDER  Head. 


Fig.  59.  —  Squaring  Bour 

UNDER  HbAD. 


To  square  under  head,  use  right  bent  side  tool  O,  Fig.  58, 
or  left  side  tool  H,  Fig.  59.  To  drive  from  square  or  hexago- 
nal heads  use  clamp  or  square  dog  E,  Fig.  57i  and  to  drive 
from  stem  use  lathe  dog  K,  Fig.  59* 
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88.  Nut  mandrels.  —  Nuts  or  similar  pieces  having  tapped 
or  threaded  holes  are  screwed  on  a  threaded  mandrel  and 
rough  and  finish  squared  to  thickness.  In  Fig.  60  nut  B  is 
screwed  on  mandrel  A  against  equalizing  collar  C,  squared 
with  side  tool  Z>,  reversed  and  squared  to  thickness.  It  is 
then  placed  on  a  milling  mandrel  and  the  flats  milled  in  a 
milling  machine.  After  this  it  is  replaced  on  regular  nut 
mandrel,  and  side  tool  E  set  at  45^,  as  near  as  can  be  deter- 
mined by  the  eye,  and  the  edge  chamfered  as  at  F  to  about 


lA 


HUT    M^mDHtL 


w  -^ 


Fig.  60. — Squaring  and  CHAiiFERiNa  Nut. 

^'  on  edge  of  flats  for  i^  nuts  and  more  or  less  for  larger  and 
smaller  sizes,  to  give  them  a  neat  appearance. 

Instead  of  equalizing  collar  C,  a  plain  collar  0  is  often  used, 
with  one  inside  edge  rounded  to  fit  over  filleted  shoulder 
of  mandrel.  For  ordinary  work,  nut  mandrels  are  often 
recessed  at  shoulder  and  used  without  collars.  Threaded 
mandrels,  for  work  threaded  while  held  in  a  chuck,  as  a 
face  plate  for  a  lathe  or  chuck,  need  no  collar,  as  the  work 
is  faced  true  with  hole  while  held  in  chuck,  and  this  true 
face  is  screwed  against  the  shoulder  on  the  mandrel.  See 
Nut  Mandrel,  p.  1208. 
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M.  Chamfering  bolt  headsi  nutSi  and  screws. — A  clamp 
nut  (spring  or  split  nut),  Fig.  61,  is  used  to  protect  the 
thread  and  prevent  dog  from  bruising  it. 


J  L' 


Fio.  01. — Chaicfbrino  and  FoRMiNa  Boi/r  Hbad  aitd  Porar. 
SCHEDULE   OF   OPERATIONS  AND  TOOLS 


BoU  Heads. 

1.  Place  clamp  nut  A  on  bolt  B 
and  fasten  dog  C  with  set  screw  D. 

2.  Set  side  tool  E  at  angle 
of  45^,  estimated. 

3.  Chamfer  bolt  head  to  remove 
comers  and  give  neat  appear- 
ance. 

NiOa. 

Mount  nut   on   mandrel   and 


chamfer     same 
E,  F,  Rg.  60. 


as    bolts.    See 


SerewB. 

Set  side  tool  F  at  angle  of  30* 
and  chamfer  to  depth  of  thread. 

To  round  end  of  screw  0,  use 
fflde  tool  H  shaped  into  a  forming 
tool. 


86.    To  make  a  clamp  nut,  A^  Fig.  6i. 


1.  Drill,  tap,  square  and  turn 

flat  L  to    receive    set   screw  of 

piece  of  round  carbon  steel  to 

dog. 

sise. 

3.  Harden  and  draw  to  a  spring 

2.  Slit  at  K  and  mill  or  file 

temper. 

Attention.  —  To  make  an  improvised  clamp  nut,  slit  a  nut 
at  a  comer  with  a  hack  saw. 
A  clamp  nut  and  dog  may  be  used  to  set  or  remove  studs. 


Digitized  by  VjOOQ IC 


842  ADVANCED  MACHINE  WORK 

86.  To  make  a  finished  bolt  i''  diameter.    Fig.  62. 


4ft" 


H  U.t.t.TMOS.TO  I  IN.  I 


RUNNINO  PIT 
TO  *  IN.  STANDARD  RINO  QAOC 
OtAtt  A  — yiMI  WORK 


STOOK-  MACN.  STCCi. 
OR  WROUONT  IRON 
POROCD  DOLT  RLANK 
II)      AND  OOLD  fUNCHCO  NUT  RLANK 


Fia.  62. — ScHBDULB  Drawing  of  Boit. 

Spedflcations:  Material,  machine-steel  forging,  t^''  laise;  weight,  10  os. 

Machine-steel  or  wrought-iron  hexagonal  nut  blank  ^V    large. 

For  heat  treatment  see  Principles  of  Machine  Work, 

Hardness,  14  to  17  (scleroscope). 

True  live  center,  set  dead  center  in  approximate  alinement,  see  page  ll6. 

Caibon-steei  cutting  tools.    See  Exceptiony  p.  2o5. 

Time:  Study  drawing  and  schedule  m  advance,  10  min. — Oil  lathe,  4 
min. — Prepare  blank  bolt,  45  min. — Tap  and  square  nut,  8  min.  —  "  Set 
up  "  for  thread,  6  min. — Cut  thread,  7  min.  —  Mill  bolt  and  nut,  10  min. 
— Chamfer,  file  and  polish  bolt  head  and  nut,  and  stamp,  10  min.  —  Clean 
lathe,  3  min.— Total,  1  h.  43  min. 

SCHEDULE   OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


124,  125, 


Straighten,  see  pp, 
and  file  ends  flat. 
Center,   machine   method, 
(!)•  (S),  straighten. 


V. 


Mount  on  centers. 

Rough  square  to  4^'  +  A'» 
(3) ,  (4) .  Take  as  little  as  pos- 
sible off,  (8).  See  step  method 
of  squaring,  p.  801. 

Reoenter  to  i',  (5),  (6). 


Regrind  and  oil  stone  tool. 
Finish  square  to  4^',  (7),  (8). 


Machinbs,  Speeds, 
Fbbds. 


Straightening  press. 
Vise. 

Centering  machine 
drill,  1700R.P.M.; 
countersink,  600 
R.P.M.;  straighten- 
ing press. 

Engine  lathe,  12^  to 
16*.  3d  speed,  or 
30  F.P.M.  Hand 
feed. 

Speed  lathe,  driU  4th 
speed,  countersink 
3d  speed. 

3d  or  4th  speed,  or  50 
F.P.M. 


Tools. 


Chalk,  file. 

A'  drill,  60«  counter- 
sink, lard  oil. 
Chalk. 


Regular  and  clamp 
dogs,  side  tool,  35^ 
rake,  calipers,  rule. 


Side   tool,   35*  rake, 
calipers,  rule. 
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Rough  turn  to  Y 
one  or  two  outa. 


+  A'  (») 


Rough  square  under  head  -ft'-i- 

A'.  (W). 

Bet  dead  center  in  accurate  aline- 
ment  to  turn  straight  using  this 
bolt  or  a  trial  piece  the  same 
length.    See  pp.  Il6.  Il7. 

Rough  turn  J'  +  A'l  W  one  cut 


Regrind  and  oilstone  tool. 

Finish  turn  to  fit  gage  with 
allowance  for  filing,  using  cali- 
pers, mandrel  and  gage  to  ob- 
tain size;  or  measure  with  I'' 
micrometer  and  allow  .003' 
for  filing.     (11).     One  cut. 

Regrind  and  oilstone  tool  and 
finish  square  under  head,  ( 12) . 

File  to  fit  gage,  running  fit. 
Oil  work  with  machine  or  lard 
oil  when  testing  in  gage.   (13.) 

Chamfer  point  to  30*",  (14). 


Tap  i*'  nut  blank  by  hand, 
square  to  thickness,  (15). 

Draw  line  I''  from  end  for  length 
of  thread  (16). 

Qrind  threading  tool  to  fit  gage, 
and  thread  bolt  to  fit  nut. 
Make  close  fit,  (16) ,  see  pp.  326, 
83 1 ,  rechamf er  point,  (17). 

File  burr  off  top  of  thread. 

Remove  gears,  empty  drip  pan 
and  clean  lathe. 

Mill  head  and  nut  to  size  ^'^  + 
.003'  for  filing  and  polishing, 
(18),  (19).  See  pp.  1020, 1026. 


Chamfer  head  and  nut  to  45®, 
(»0),  (21),  pp.  340,  341. 

File  and  polish  milled  sides  of 
bolt  head  and  nut  only.  (22), 
(28). 


Engine  lathe,  2d  or 
3d  speed,  or  30 
F.P.M.  Medium 
power  feed — 80  to 
1'. 

2d  or  3d  speed,  or  30 
F.P.M.  Hand  feed. 

4th  speed,  or  50 
F.P.M.  Fine  power 
feed—  140  to  1'. 

3d  speed,  or  30  F.P.M. 

medium  power  feed 

—  80  to  1'. 
3d  or  4th  speed,  or  50 

F.P.M.   Fine  power 

feed— 140  to  1'. 


3d  speed,  or  50 
F.P.M.   Hand  feed. 

Engine     lathe,     4th 

speed,  or  speed  lathe 

3d  or  4th  speed,  or 

175  F.P.M. 
Engine      lathe,      3d 

speed,  or  30  F.P.M. 

Hand  feed. 
Vise.  Engine  lathe  3d 

speed,  or  50  F.P.M. 

Hand  feed. 
Vise  copper  jaws. 

Engine  lathe,  let 
speed,  or  20  F.P.M. 
Arrange  for  13 
threads. 

4th  speed. 


Milling  machine.  3d 
or  4th  speed.  Back 
gears  in,  or  50 
F.P.M.  Medium 
power  feed. 

Engine  lathe,  3d 
si^ed,  or  50  F.P.M. 

Vise. 


Clamp  dog,  diamond- 
point  tool,  35®  rake, 
calipers,  rule. 


Left  side  or  bent 
right  side  tool,  cal- 
ipers, rule. 

Clamp  dog,  diamond- 
point  tool,  35 ''rake, 
1'  micrometer. 

Clamp  dog,  diamond- 
point  tool,  35 '^  rake, 
calipers,  rule. 

Diamond-point  tool, 
35®  rake,  calipers,  y 
mandrel  (or  1'  mi- 
crometer),   ^'    ring 


Left  side  or  bent  right 
mde  tool,  35®  rake, 
calipers,  rule. 

8'  or  10*  miU  bastard 
file,  calipers,^'stand- 
ard  ring  gage,  oil, 
1'  micrometer. 

Side  tool  35®  rake, 
center  gage. 

i'X13U.S.S.tap,tap 
wrench,  oil,  nut  man- 
drel, calipers,  rule. 

Copper  sulphate, 
scriber,  rule. 

Clamp  dog,  13  pitch 
U.S.S.  thread  tool, 
center  gage,  thread 
calipers,  rule,  oil, 
drip  (tin)  pan. 

8'  to  10'  mill  bastard 
file. 

Heading  mills,  index 
head  and  chuck, 
milling  machine  nut 
mandrel,  oil,  1' mi- 
crometer. 

i'  X  13  clamp  nut, 
and  nut  mandrel, 
rule,  side  tool. 

8'  or  10*  hand-smooth 
file,  nut  mandrel, 
copper  jaws,  90  em- 
ery cloth,  lard  oil. 

Digitized  by  VjOOQIC 


S44 


ADVANCED  MACHINE  WORK 


87.  To  make  pair  of  spring  bolts,  duplicate  process.  Fig.  63. 


ffjfkP  DRILL  y  PIM  TAP 

FiQ.  63.  —  Schedule  Drawing. 

Specifications:  Material,  I"  hexagonal  ''special"  steel  }"  long; 
weight,  1  lb.  9  oz.    Hardness,  15  to  16  (scleroscope). 

For  heat  treatment  see  Principles  of  Machine  Work. 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  lathe, 
4  min.  —  Center  and  square,  7  min.  —  Rough  and  finish  turn,  file  and 
fit,  41  min. — Thread,  25  min.  —  Drill  No.  42  hole  and  mill  or  cut 
spiral  grooves,  34  min.  —  Cut  ofif  bolts  and  drill  and  tap  for  grease 
cups,  35  min.  —  Clean  lathe,  3  min.  —  Total,  2  h.  34  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 

Machines,  Speeds, 
Feeds. 

Tools. 

Center. 

See  that  live  center  is  nearly 

Engine  lathe.  12''  to 

true  and  dead  center  in  ap- 

16". 

proximate  alinement. 

Rough  square  7i"  +  A"  (D. 

3d  or  4th  speed,  or  50 

Dog,  holder  and  cut- 

(i'). 

F.P.M.  Hand  feed. 

ter  36*  rake,  cali- 
pers, rule. 

Omit  finish  square. 

Draw  lines  for  groove  in  center 

Vise,  copper  jaws. 

Copper   sulphate. 

of  work  (t)t  and  grooves  for 

rule,     scriber     or 

length  of  bodies  (S),  (f). 

half-round  file. 

Cut  grooves  to  form  heads  at 

Engine  lathe,  2d  or  3d 

i"   cutting-off  tool, 

(»)  and  (1).  (10,  to  H"  di- 

speed,  or  40  F.P.M. 

calipers,  rule,  oil. 

ameter. 

Hand  feed. 

Rough  turn  to  §"  +  iV"  (4), 

2d  or  3d  speed,  or  50 

Holder    and    cutter 

(4'),  three  or  four  cuts. 

F.P.M.       Medium 

35**  rake,  calipers. 

power  feed  —  80  to 
1". 

rule. 
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Tnttt  Uto  center.  Set  dead 
center  in  accurate  alinement. 

Finish  turn  (S),  (S')  to  .499" 
-f  .003". 

File  to  limit  (s),  (s')  or  to  fit 
}"  ring  gage. 


Draw  lines  for  length  of  thread 

(•)  (•'). 
Form  ends  (1),  (i')i  to  length. 

Thread  ends  to  fit  i''  X  20 
U.  S.  F.  nut,  (f ) .  (f ') ,  five  cuts 
.005"  each,  two  outs  .003" 
each,  three  cuts  .001"  each. 

Drill  grease  holes  through  the 
body  of  bolts,  (7),  (7'). 

Mill  or  cut  spiral  oil  grooyes  (8) , 
(80,  lead  one  turn  in  2"  to 
2f". 

Mount  in  chuck. 
Cut  off  bolts  (9). 

Chamfer  heads  to  45**  and  t^" 
wide,  (f),  (r). 

Drill  holes  into  ends  of  bolts 
for  grease  cups  and  grease 
holes  (if),  (ir). 

Tap  holes  for  grease  cups  (11), 
(11')*  Start  tap  in  lathe,  pull 
belt  downward  and  follow 
with  dead  center,  remove 
work,  finish  tap  in  vise. 

Case-harden  bodies  only,  or  all 
over. 


£ngine  lathe. 

3d  or  4th  speed  or  70 
F.P.M.  Fine  power 
feed  — 140  to  1". 

4th  speed  or  speed 
lathe,  3d  or  4th  speed 
or  176  F.P.M. 

Vise,  copper  jaws. 

3d  speed,  or  70  F.P.M. 
Hand  feed. 

Arrange  for  20 
threads.  Ist  or  2d 
speed,  or  25  F.P.M. 

Speed  lathe,  4th  speed 
or  1400  R.P.M. 

Milling  machine,  2d 
or  3d  spefd  or  en- 
gine lathe,  1st  speed, 
back  gears  in. 


2d  or  3d  speed,  or  40 
F.P.M.  Hand  feed. 

3dspeed,or70F.P.M. 
Hand  feed. 

4th  speed,  or  450 
R.P.M.  Hand  feed. 


Engine    lathe,     vise, 
copper  jaws. 


Gas  furnace,  1325°  F. 
to  1350**  F. 


1"  micrometer. 


8"  or  10"  miU  bas- 
tard file,  1"  mi- 
crometer or  i"  ring 
gage. 

Copper  sulphate, 
rule,  scriber. 

Forming  tool  and  oil, 
or  graver. 

20  pitch  U.  S.  F. 
thread  tool,  center 
gagei"x20U.S.F. 
clamp  nut. 

y  center,  drill  chuck. 

No.  42  twist  drUl, 
oil. 

tV"  convex  cutter, 
milling  machine 
centers,  or  tV" 
grooving  tool,  oO. 

Universal  chuck. 

i"  cutting-off  tool, 
oil. 

Holder  and  cutter  35** 
rake,  or  right  side 
tool. 

Centering  tool,  drill 
chuck,  fj",  and 
No.  12  twist  drills, 
oil. 

I"  pipe  tap,  tap 
wrench,  oil.  See 
Principles  of 
Machine  Work. 

Tongs,  cyanide  of 
potassium. 


Exception.  —  If  convenient  to  use  a  universal  grinding  machine, 
rough  turn  bodies  of  bolts  to  .499"  +  .012"  (4),  (40  and  then  after 
bolts  are  case-hardened  mount  on  threaded  center  and 


GrindtoUmit  (IS),  (ISO. 
p.  7l5. 


See 


Universal       grinding 
machine. 


Grinding  dog,  grind- 
ing wheel  60  K, 
vitrified,  1"  mi- 
crometer. 


Information.  —  If  castle  nuts  are  to  be  used,  holes  are  drilled  and 
cotter  pins  inserted  and  the  points  bent  back  as  shown  at  A,  Fig.  63. 

Attention.  —  If  desired,  the  spiral  oil  grooves  may  be  omitted  and 
a  straight  oil  groove  chipped,  on  one  side  only  of  each  bolt,  as  at  B, 
Fig.  63. 
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MAKING  A  TENSILE  TEST  SPECIMEN 

88.  To  make  tensile  test  specimen  of  steel,  wrought  iron, 
brass  or  bronze  for  testing  these  materials,  Fig.  64. 


'    ^      r 

*     *      1*1 

1  HI  Ufi.94 
I     THDS. 


-*A'^»*^ 


FiQ.  64.  —  Schedule  Drawing  of  Tensile  Test  Specimen. 

Specifications:  Material,  n^achine  steel  iV"  ^^  i"  large;  weight, 
11  oz.    Hardness,  15  to  18  (scleroseope). 

For  heat  treatment  see  Principles  of  Machine  Work, 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  lathes, 
5  min.  —  Prepare  specimen,  35  min.  —  Thread,  30  min.  —  File  and 
polish,  10  min.  —  Clean  lathes,  5  min.  —  Total,  1  h.  30  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 

Machines,  Speeds, 
Feeds. 

Tools. 

File  ends  flat. 

Center. 

See  that  live  center  is  nearly 

Engine  lathe,  12"  to 

true,  and  dead  center  in  ap« 

16". 

proximate  alinement. 

Jf  ends  of  work  are  nearly  flat 

and  length  is  within  the  limit, 

all  squaring  may  be  omitted, 

otherwise 

Rough  square  to  limit  (1),  (10. 

3d8peed,or50F.P.M. 

Dog,      holder     and 

Hand  feed. 

cutter    35*»    rake, 
calipers,  rule. 

Recenter. 

Omit  finish  square. 

Rough  turn  to  f"  +  tV"»  (»)» 

2d  or  3d  speed,  or  50 

Holder    and    cutter 

(«').  one  cut.        Turn  half 

F.P.M.       Medium 

35°  rake,  calipers. 

way,  reverse  and  turn  other 

power  feed  —  80  to 

rule. 

half. 

1". 
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True  live  center.  Set  dead 
center  in  accurate  alinement 
using  this  piece. 

Draw  lines  }''  from  each  end 
for  length  of  thread  (S),  (SO- 

Rough  turn  to  A"  (4),  (40  >  one 
or  two  cuts. 


Draw  lines  1"  from  each  end  to 
give  length  of  body  (»),  (»')• 

Rough  turn  to  |i"  (•),  one  or 
two  cuts. 


Finish  turn  to 


.740". 


•  .735". 
(*),  (»'),  one  cut. 

Finish  turn  to  .605"  +  .002" 
for  filing  (•),  two  or  three 
cuts.  Adjust  forming  tool 
with  thread  stop  and  turn 
body  and  both  fiUets  (7), 
(70 1  with  same  setting. 

Chamfer  ends  to  SO"*. 


Thread  to  fit  nut  or  to  limit  (t) , 
(J'),  nine  cuts  .005"  each, 
five  cuts  of  .003"  each,  and 
three  to  five  cuts  of  .001" 
each.  See  Adjustable  Limit 
Snap  Thread  Gage.  p.  225. 


File  to  remove  tool  marks  and 
to  Umit  (f). 


PoUsh  (f). 


Lathe  or  vise. 

Engine  lathe.  2d  or  3d 
speed,  or  50  F.P.M. 
Medium  power  feed 
—  80  to  1". 

Lathe  or  vise. 


2d  or  3d  speed,  or  50 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

3d  or  4th  speed,  or 
70  F.P.M.  Me- 
dium power  feed  — 
80  to  1". 

2d  or  3d  speed,  or  50 
F.P.M.   Fine  power 
feed  —  140  to  1". 
Hand  feed  for  fiUets. 


3d  speed,  or  70  F.P.M. 
Hand  feed. 

Arrange  for  10  threads. 
1st  or  2d  speed,  or 
25  F.P.M. 


Speed      lathe.       175 
F.P.M. 


Highest  speed. 


Copper       sulphate, 
soriber.  rule. 

Calipers,  rule. 


Ck)pper        sulphate, 
scriber.  rule. 

Calipers,  rule. 


1"  micrometer. 


Forming  tool  36° 
rake.  1"  microm- 
eter, apply  oil 
with  brush  or  can. 


Right  side  tool,  cen- 
ter gage. 

10  pitch  U.  S.  8. 
thread  tool, 
U.  S.  S.  limit 
thread  gage,  or 
thread  micrometer 
(8eep.l2l4),i"X 
10  clamp  nut.  lard 
oU. 

}"  X  10  clamp  nut. 
8"  or  10"  miU- 
bastard  or  mill- 
smooth  file. 

120  emery  cloth,  pol- 
ing clamps,  oil. 


AUention,  —  If  the  feed  is  fine  and  the  finishing  cut  smooth,  filing 
may  be  omitted  as  polishing  alone  will  remove  the  tool  marks. 

Important. — The  body  must  be  smooth  and  tangent  with  fillets 
as  any  shoulder  or  groove  will  make  the  specimen  useless. 
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MAKING  A  STUD 
89.  To  make  a  stud,  Fig.  65. 


P^iij— .fr 


I 
If  RUNNING  PIT 


1+'     ^ 

®    ©    ©  5  ®  <y 


Fig.  66.  —  Schbduud  Drawinq. 

Spedflcatioiui:  Material,  machine  steel  ^V"  to  \"  large;  weight, 
2  lbs.    Hardness,  14  to  16  (sderoscope). 

For  heat  treatment  see  Principles  of  Machine  Work, 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  6  min.  —  Oil  lathe, 
4  min.  —  Square,  rough  turn,  file  and  fit,  1  h.  10  min.  —  Thread  and 
drill  hole,  18  min.  —  Clean  lathe,  3  min.  —  Total  1  h.  40  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


OPBBA.TION8. 

Machines,  Spbbdb, 
Feeds. 

Tools. 

Crater. 

See  that  live  center  is  nearly 

Engine  lathe,  12''  to 

true,  and  dead  center  in  ap- 

16''. 

proziinate  alinement. 

Rough  sqtiare  4f".  (1).  (»). 

2d  or  3d  speed,  or  50 

Dog,  holder  and  cut- 

F.P.M. Hand  feed. 

ter  36*»  rake,  cali- 
pers, rule. 

Recenter. 

Omit  flnisli  tquare. 

Rough  torn  to  li'',  (S),  one  or 

Medium  powor  feed 

Holder    and    cutter 

two  cuts.  Turn  half  way,  re- 

—  80tol". 

35*  rake,  calipers. 

rule. 

Draw  Unes  (4).  (»).  (•).  for 

Vise,  copper  jaws. 

Copper       sulphate, 

lengths  of  running  and  forc- 

rule, scriber. 

ing  fits  and  thread. 

Cut  groovet  at  lines  (4),  (5), 

Engine  lathe,  Ist  or 

i"  cutting  off  tool, 

.01"  smaller  than  diameters 

2d    speed,    or    30 

calipers,  rule,  oil. 

(8).  (f).  and  i"  at  (•).  the 

F.P.M. 

root  diameter  of  thread. 
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Roush  turn  (7).  (8).  (•).  ^" 
large,  one  or  two  outa  termi- 
nating in  grooTefl. 

True  live  center.  Set  dead 
center  in  accurate  alinement. 

Finiali  torn  (7)  to  \",  (S)  to 
.7510"  +  .003",  (•)  to  .9990" 
+  .003." 

Chamfer  ends  (!•),  45'^;  (11) 
30». 

File  (•)  to  a  running  fit  in  work 
or  gage,  or  to  limit,  and  (8), 
to  a  light  forcing  fit  in  work, 
or  to  limit. 

Thread  (7)  to  fit  nut.  Take 
ten  cute  .005"  each,  three 
cuts  .002"  each.  Then  take 
one  cut  .001".  Clean  thread 
and  test,  and  repeat  outs  of 
.001",  if  necessary.  Depth 
of  thread  .059". 

Rechamfer  to  30®  (11). 

Drill  and  slightly  countersink 
cotter  pin  hole  (IX). 


Stamp  name  on  large  end. 


2d  or  3d  speed,  or  50 
F.P.M.  Medium 
power  feed  —  80  to 
1". 


3d  or  4th  speed.  Fine 
power  feed  — 140 
tol". 


Hand  feed. 
4th  speed. 


Arrange  for  11 
threads.  1st  or  2d 
speed,  or  25  F.P.M. 


3d  speed,  or  70  F.P.M. 

Vise,  copper  jaws. 
Speed  lathe,  3d 
speed,  or  600 
R.P.M. 

Vise,  copper  jaws. 


Calipers,  rule. 


Calipers,  1"  microm- 
eter. 

Center  gage. 

8"  or  10"  miU  bas- 
tard file,  file  card 
1"  micrometer. 

11  pitch  U.  S.  8. 
thread  tool  and 
gage,  center  gage, 
f"xll  U.  S.  S. 
nut,  oil. 


Center  gage. 

Scriber,  rule,  center 
punch,  hammer, 
A"twistdrill,drill 
chuck,  counter- 
sink, V  center,  oil. 

\"  steel  letters,  ham- 
mer. 


Exception,  —  Grooves  at  (4)  and  (5)  may  be  cut  .01"  under  size, 
and  diameters  (8)  and  (9)  rough  turned  .008''  over  size  and  groimd 
to  size. 

InformaHon, — There  are  two  methods  of  making  a  shoulder  on 
studs,  bolts,  shafts,  etc.  One  is  to  cut  a  groove  and  terminate  all 
cuts  in  this  groove.  The  other  is  to  turn  close  to  a  desired  point, 
then  square  the  shoulder  by  the  "step  method." 

90.  Formulas  of  bolt  heads  and  nuts.  —  While  finished  heads 
and  nuts  (U.  S.  S.)  are  often  made  iV^  smaller  than  the  rough, 
it  is  best  to  make  both  the  same  size  and  to  use  the  same 
wrench. 

The  short  diameter  or  width  across  flats  =  IJ  X  diameter 
of  bolt  +  V  for  rough  size  and  +  ^"  for  finish  size. 
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The  long  diameter  or  distance  across  corners  of  square 
head  or  nut  =  short  diameter  X  1.414. 

The  long  diameter  of  hexagonal  head  or  nut  =»  short  diam- 
eter X  1.155. 

Thickness  of  nut  =  diameter  of  bolt. 

Thickness  of  head  -  J  short  diameter  of  head. 

Table  of  United  States  Standard  bolt  heads  and  nuts 


I 
o 


a 


ft 

I 

A 

ft 
f 
I 
i 

1 

1 

1 

1 

1 

1 

li 

ij 

2 

21 

2i 

2} 

3 


.25 

.3125 

.375 

.4375 

.5 

.5625 

.625 

.75 

.875 

125 

25 

375 

5 

625 

75 

875 

25 

5 

75 


20 
18 
16 
14 
13 
12 
11 
10 

9 

8 

7 

7 

6 

6 

5i 

5 

5 

^ 

4 
4 
3J 


li 


.185 

.2403 

.2996 

.3447 

.4001 

.4542 

.5069 

.6201 

.7307 

.8376 

.9394 

1.0644 

1.1585 

1.2835 

1.3888 

1.4902 

1.6152 

1.7113 

1.9613 

2. 1752 

2. 4252 

2.6288 


i 

i 


D 


.0056 
.0069 
.0078 
.0089 
.0096 
.0104 
.0114 
.0125 
.0139 
.0156 
.0179 
.0179 
.0208 
.0208 
.0227 
.0250 
.0250 
.0278 
.0278 
.0313 
.0313 
.  0357 


K  b,  ^ 
^§S5 


a 


t{ 


u 

It 

\t 

m 

2 

2A 
21 
2« 

l\ 

3J 
4i 
4| 


e 


s4 

00  H   H 
g   h   tf 


<3>n3 


.707 
.840 
.972 
1.104 
1.237 
1.369 
1.502 
1.767 
2.032 
2.297 
2.562 
2.828 
3.093 
3.358 
3.623 
3.888 
4.153 
4.418 
4.949 
6.479 
6.009 
6.539 


H 


1 

A 
A 


J 

2 

2i 

2i 

2i 

3 


?? 


Attention.  —  A  bolt  is  usually  threaded  a  distance  equal  to  twice  the  body 
diameter. 
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Diameter  and  pitch  in  Metric  Meaaure. 

p  =  pitch. 

d  =  depth  =  p  X  .6495. 

/-flat  =  |. 


Formula 


Fia.  66. 
92.  International  Standard  thread. 


6 
7 
8 

10 

t1 

12 
14 
16 
18 


1.0 

1.0 

1.25 

1.25 

1.5 

1.5 

1.75 

2.0 

2.0 

2.5 


DiA&f. 

AT  Root 

OF 

Thrxad, 

m/m. 


4.70 

5.70 

6.38 

7.68 

8.05 

9.05 

9.73 

11.40 

13.40 

14.75 


20 
22 
24 
27 
30 
33 
36 
39 
42 
45 


2.5 
2.5 
3.0 
3.0 
3.5 
3.5 
4.0 
4.0 
4.5 
4.5 


DiAM. 

AT  Root 

OF 

Thread, 

m/m. 


16.75 
18.75 
20.10 
23.10 
25.45 
28.45 
30.80 
33.80 
36.15 
39.15 


93.  French  Standard  thread. 


5^ 


3 

4 

5 

6 

7 

8 

9 

10 

12 

14 


0.5 

0.75 

0.75 

1.0 

1.0 

1.0 

1.0 

1.5 

1.5 

2.0 


DiAM. 

AT  Root 

OF 

Thread, 

M/M. 


2.35 
3.03 
4.03 
4.70 
5.70 
6.70 
7.70 
8.05 
10.05 
11.40 


16 
18 
20 
22 
24 
26 
28 
30 
32 
34 


2.0 
2.5 
2.5 
2.5 
3.0 
3.0 
3.0 
3.5 
3.5 
3.5 


DiAM. 

AT  Root 

OF 

Thread, 
m/m. 


13.40 
14.75 
16.75 
18.75 
20.10 
22.10 
24.10 
25.45 
27.45 
29.45 


36 
38 
40 
42 
44 
46 
48 
50 


4.0 
4.0 
4.0 
4.5 


DiAM. 

AT  Root 

OF 

Thread, 

M/M. 


30.80 
32.80 
34.80 
36.15 
38.15 
40.15 
41.51 
43.51 
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INDEXING  IN  ENGINE  LATHE 

94.  To  index  in  engine  latlie,  Fig.  67.  —  To  file  round 
work  square  or  hexagonal,  or  to  drill  diametrically  through 
a  shaft,  equidistant  lines  may  be  drawn  on  the  work  to 
facilitate  the  operations. 

did: 


Fia.  67.  —  Indexing  in  the  Lathb. 
SCHEDULE  OF  OPERATIONS 


To  divide  tap  shank  or  bolt 
head  circumference  into  four  equal 
parts,  A,  B,  C,  D,  Fig.  67.  Select 
engine  lathe  with  headstock  gear 
divisible  by  4,  as  72  -t-  4  —  18. 
Count  headstock  gear  and  mark  di- 
visions with  chalk.  Mount  blank 
E  on  centers  with  wedge  F  between 
dog  and  face  plate  to  prevent  back- 
lash. Use  pointed  tool  O  %o  mark 
line  H  required  distance  from  end. 

Place  file  /  against  under  side 
of  chalked  tooth;  rotate  lathe 
until  file  touches  headstock  at  /. 


With  the  left  hand  press  the 
handle  downward  until  file  touches 
the  bed  at  K  and  hold  it  in  this 
position. 

With  the  right  hand  operating 
cross  feed,  move  tool  to  lightly 
touch  work,  then  change  the 
right  hand  to  long,  feed  handle 
and  move  the  carriage  to  make  a 
line  with  the  tool.  For  the  other 
lines  repeat  at  the  other  chalked 
teeth  on  gear.  Two  lines  are 
also  shown  at  A',  B\ 


96.  To  make  14'^  engine  lathe  live  center,  Fig.  68. 

N 6-}-' 


Fig.  68.  —  Schedule  Drawing. 
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Specilications:  Material,  machine  steel  ^"  to  i''  large;  weight, 
1  lb.  9  oz.    Hardness,  15  to  18  (scleroscope). 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  lathe, 
4  min.  —  Make  center,  53  min.  —  Clean  lathe,  3  min.  —  Total,  1  h.  5 
min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


Machines,  Speeds, 
Feeds. 


Tools. 


Center. 

See  that  live  center  is  nearly 
true  and  dead  center  in  ap- 
proziniate  alinement. 

Roush  square  to  6}",  (1),  (x). 


Recenter. 

Omit  finish  square. 

Turn  taper  shank  .602''  to  1', 

Set  over  footstock  to  .1568"  or 
•/}',  or  use  taper  attachment. 

Rough  turn  taper  (S),  to  H"  &t 
small  end,  one  or  two  cuts. 
Terminate  cuts  close  to  dog. 

Take  a  light  trial  cut  about 

.004"  or  .005",   (4).        To 

complete    this    taper,     see 

Schedule  of  Operations,  p. 

829. 
Smooth  turn  reduced  part  to 

ii'^t  (Of  one  cut.      Round 

corner  (•). 
Reverse  work  and  set  tool  at 

30®,     approximately,     with 

work. 
Rough  turn  point  of  center  (7), 

to  leave  stem  (8),  as  shown, 

seven  or  eight  cuts. 

To  finish  point  (•),  place  center 
in  live  spindle.  See  Truing 
centers,  p.  Il4. 

Stamp  name  on  (1). 


Engine  lathe,  12" 
16". 


to 


3d  or  4th  speed,  or  50 
F.P.M.  Hand  or 
power  feed. 


2d  or  3d  speed,  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

3d  or  4th  speed,  or  70 
F.P.M.  Fine  power 
feed  —  140  to  1". 


3d  or  4th  speed,  or  70 
F.P.M.  Fine  power 
feed  —  140  to  1". 


Dog,  holder  and  cut- 
ter 35°  rake,  cali- 
pers, rule. 


Rule,  dividers. 

Holder  and  cutter 
S5^  rake,  calipers, 
rule. 

Morse  taper-ring 
gage  No.  3,  chalk 
or  Prussian  blue. 


2d  or  3d  speed,  or  50 
F.P.M.  Medium 
power  feed  —  80  to 
1",  or  hand  feed. 

2d  or  8d  speed,  or  50 
F.P.M.    Hand  feed. 

Vise,  copper  jaws. 


Holder   and 
graver. 

Center  gage. 


cutter. 


Center  truing  tool, 
side  or  cutting-off 
tool,  center  gage. 

i"  steel  letters,  ham- 
mer. 


Information.  —  Live  centers  are  usually  machine  steel.  Dead 
oenters  are  carbon  steel  fitted  to  footstock  spindle  and  of  a  length 
that  when  spindle  is  run  back  nearly  a£i  f ar  as  it  will  go,  the  center 
will  be  forced  out.  The  conical  point  is  hardened  and  tempered  to 
a  straw  color  and  often  ground.  If  a  center  is  made  of  annealed 
carbon  steel,  the  cutting  speeds  may  have  to  be  reduced. 
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AUTOMOBILE  SCREWS  AND  NUTS 

96.  The  Society  of  AtttomotiYe  Engineers'  standard  screws 
and  nuts. 


1-  )l 

^    frt  "tf-  POW  ALL  Sizes 


-MHh- 


PLAIN 
NUT 


p  =  pitch. 

d  =  depth  «  p  X  .6496. 

/  =  flat  =  2  . 
Pin.  70. — United  States  [  8 

Standard  Thread. 

Diameter  of  screw  —  nominal  diameter  —  .001''. 

Thread  =  U.  S.  S.  in  form  but  with  finer  pitches.  Taps  and 
dies  are  marked  U.S.F. 

Heads  and  nuts  are  semi-finished  but  smaller  than  U.  S.  S. 

Screws  soft.  Plain  nuts  soft.  Castle  nuts  case-hardened. 
Nuts  should  be  a  good  fit  on  screw —  without  perceptible  shake. 

The  tap  is  from  .002''  to  .003''  larger  than  standard  at  the  top 
of  thread  to  give  the  screw  clearance  in  the  nut.  Material 
for  screws  and  nuts,  machine  steel;  tensile  strength,  100,000  lbs. 
per  square  inch;  elastic  limit,  60,000  lbs.  per  square  inch. 

Threaded  portions  of  screw  should  be  one  and  one-half  times 
the  body  diameter. 

Attention.  —  The  castle  nut  is  used  where  a  positive  lock- 
ing system  is  desired. 

Important,  —  It  is  best  to  use  U.S.S.  threads  on  soft  material 
such  as  aluminum  and  cast  ii-on;  and  also  on  brass  and  bronze 
if  subjected  to  great  strains. 
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I 

CO 
9 


I 


4> 


i 


Diameter  of 
Cotter  Pin. 


AUTOMOBILE  SCREWS  AND  NUTS  355 


Width  of  Slot 
IN  Gastlb  and 
Diameter  op. 
Cotter  Pin  Houb. 


Diameter  of  Fac- 
ing UNDER  Head 
AND  Nut,  ai^o 
Diameter  of 
Castle. 


Height  of  Castle, 
also  Depth  of 
Slots. 


Thickness  of 
Castle  Nuts. 


Thickness  of 
Plain  Nut. 


Depth  of  Slot 
in  Head. 


Width  of  Slot 
IN  Head. 


Length  of 
Thread. 


Thickness  of 
Head. 


Across  Corners 

OF 

Head  and  Nut. 


Across  Flats 

OF 

Head  and  Nut. 


Sizes  of 
BoDT  Drills. 


Sizes  09 
Tap  Drills. 


Threads  per 
Inch. 


Nominal 
Diameter  of 

SCBBW. 


HSHS^^^H5H5-B-B-B-frB'<UpH* 


M 


"B"R  ^  .«i*^'^H«  H«  H«  H«  H«HS*<2< 


"{ww|«i$SH»*>H.o{Se».a  <»ot4Sw{S       ■R^^^SRh 


o 

En 


»>9Hie«o  i»e'>«B»e  «)«.»»<»»  <lip  H»«»c*^»^"V« 


HSHSh 


'{S-B-B-BHS-B-B-B-B-R-B-WS*'* 


^W^©Tp9  w^o  •^e^D>^9aa^^V^e<^  •^•c^o't^   iP9p#* 


E-ifi?3i'S: 


s^ssssss 


COCO<4i<4iC9C4C9C9 


H«"R  •♦•■^5  H»*B  i^B^ 
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97.  Lock  washers  are  used  to  hold  plain  automobile  nuts,  as 
in  Fig.  71.  The  washer  is  cut  open  at  A,  and  bent  up  at  B  and 
down  at  B\  When  nut  is  screwed  down  hard  these  projections 
cut  into  both  nut  and  seat  and  prevent  nut  becoming  loose. 


MUT 


■^=^ 


n 


LOCK 
WAtHIH 


Fia.71. — FASTfiNiNQ  A  Plain  Nut  with  Lock  Washbb. 

98.  Constants  for  finding  diameter  at  bottom  of  U. 
U.  S".  F.  and  V  threads. 


S.  S.| 


Thbbads 

U.  S.  S.  AMD 

u.  s.  p. 

COKSTANT 

Thbsads 

U.  S.  S.  AND 

U.  S.  F. 

CONtTAMT 

V  Thbbao 

PBB  IHCB 

CoNtTAirr 

PXB  iNca 

CONSTAJIT 

3 

.43301 

. 57733 

18 

.07217 

.09623 

3i 

.37116 

.49487 

20 

.06495 

.08660 

4 

.32476 

.43301 

22 

.05905 

.07873 

4i 

.28868 

.38490 

24 

.05413 

.07217 

5 

.25981 

.34641 

26 

.04996 

.06662 

6i 

.23619 

.31492 

28 

.04639 

.06186 

6 

.21651 

.28868 

30 

.04330 

.05773 

7 

.18558 

.24744 

32 

.04059 

.05413 

8 

.16238 

.21651 

36 

.03608 

.04811 

0 

.14434 

.19245 

40 

.03248 

.04330 

10 

.12990 

.17321 

44 

.02952 

.03936 

11 

.11809 

.15746 

48 

.02706 

.03608 

12 

.10825 

.14434 

50 

.02598 

.03464 

13 

.09993 

.13323 

56 

.02320 

.03093 

14 

.09279 

.12372 

60 

.02165 

.0288 

16 

.08119 

.10825 

64 

.02030 

.02706 

Formula. — 


C  B  CoDstant  for  number  of  threads  per  inch. 

D  =  Outside  diameter. 

Z>i  =  Diameter  at  bottom  of  thread. 

Example,  —  Given  outside  diameter  of  U.  S.  F.  screw  thread,  \  inch, 
20  threads  per  inch,  find  diameter  at  bottom  of  thread.  Expressed 
in  decimals  D  =  .600'  constant  for  20  threads,  U.  S.  F.,  C  =  .06496; 
diameter  at  bottom  of  thread  A  »  .500'  —  .06495  =  .43605'  or  prac- 
tically yV'« 


Digitized  by  VjOOQ IC 


ADVANCED  MACHINE  WORK 

SECTION  4 

LATHE  WORK 

Ghucks.    Face  Plstss.     Chttddng.    Reaming.     Machining  Alloyst 

etc*    Mandrels  or  Arbors.    Tnming  Flanges.    Turning  Pulleys. 

Polishing  Lathe  Work.    Curre  Turning  and  Forming.    Making 

Formed  Machine  Handles.  Polishing,  Bu£Bng  and  Lacquering. 

CHUCKS 

1.  The  term  chuck  has  a  double  meaning.  —  First,  it  is  the 
device  used  for  holding  work,  drills  or  other  tools.  Second,  it 
is  the  act  of  securing  work  in  a  holding  device.  See  Chucking. 
Chucks  are  indispensable  to  a  large  class  of  work. 

2.  Attaching  chucks  to  machine  spindles.  —  Drill  and  other 
small  chucks  are  attached  by  a  double-ended  taper  arbor  or 
shank;  one  end  fitting  the  taper  hole  in  chuck  and  the  other 
the  taper  hole  in  spindle.  Lathe  chucks  are  usually  attached 
by  a  threaded  back  plate.     See  p.  608. 

8.  Chuck  jaws.  —  Four  general  kinds,  Ilg.  1: 


DRILL 

LATHE 

MILLING 

BRASS 

JAWS 

JAWS 

MACHINE 
JAWS 

(slifO 

JAWS 

Fia. 

1. 

—Chuck  Jaws.    Foub  Kinds. 

Drill  jaws,  for  holding  drills,  rods,  and  similar  pieces,  also  for 
holding  hollow  work  by  the  inside. 

Lathe  jaws,  for  lathe  work  of  large  diameter. 
MiUing-machine  jaws^  used  on  milling  machines. 
Brass  (slip)  jaws,  for  brass  work. 

401 
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InfomuUion-  —  The  jaws  of  some  chucks  may  be  reversed 
and  used  either  as  drill  or  lathe  jaws. 

4.  Classes  of  chucks.  —  Drill,  independent,  universal,  com- 
bination, and  draw-in  chucks. 

6.  A  drill  chuck  is  used  to  hold  drills  and  small  work. 

6.  An  independent  chuck,  Fig.  2,  is  one  in  which  each 
jaw  is  moved  independently  with  wrench.  Chuck  A  con- 
sists of  disk  B  screwed  to  spindle  of  headstock  C.  Lathe 
jaws  D,  stepped  to  suit  different  diameters  of  work,  slide  in 
slots  in  disk  B  and  are  moved  by  screws  E,  E,  operated  by  a 
special  wrench. 


e      INDCVEHOENT 

■  CHUCK 


Fio.  2.  —  Independent  Chuck.    Facing  Disk. 

Important.  —  Concentric  circles  are  marked  on  the  face  of 
some  independent  and  combination  chucks  to  facilitate  set- 
ting jaws  and  work.    See  p.  12l2. 

Attention.  —  Independent  chucks  are  better  adapted  for 
rough  work  than  universal  chucks. 

7.  To  true  up  and  hold  work  in  an  independent  chuck.  — 
Grip  work  tightly.  Run  lathe  at  a  moderately  high  speed, 
rest  hand  on  carriage  and  hold  a  piece  of  chalk  to  just 
touch  work.    Stop  lathe,  loosen  jaw  or  jaws  opposite  part 
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m&rked  by  chalk  and  set  others  in.  Erase  chalk  mark  and 
test  again;  continuing  until  work  runs  true,  then  set  all  jaws 
up  hard.  Fig.  2  shows  also  the  operation  of  facing  work  F 
with  cutting-in  tool  0. 

8.  A  universal  chuck,  Fig.  3,  is  one  whose  jaws  move 
to  and  from  the  center  simultaneously  and  concentrically. 
Chuck  A  is  screwed  to  spindle  of  headstock  B.  This  is  known 
as  a  geared  scroll  chuck,  and  is  made  with  either  drill  jaws,  as 
shown,  or  lathe  jaws.  It  consists  of  shell  C,  three  bevel 
pinions  E  in  mesh  with  an  annular  bevel  gear,  upon  whose 
face  is  a  scroll  which  engages  jaws  D.  This  chuck  should  be 
used  for  smooth  work. 


CHUCK 

A 


Fio.  3. — Univbrsal  Chuck.    Turninq  Slbbvb. 

9.  To  true  up  and  hold  work  in  a  imiversal  chuck. — 

Place  work  in  chuck,  "  set  up  "  jaws  by  one  pinion,  run  lathe 
and  use  chalk  as  before.  If  not  true  enough,  loosen  and 
turn  work  about  one-quarter  of  a  revolution;  tighten  pinion 
and  test  again;  when  right,  tighten  pinions  hard. 

Fig.  3  also  shows  how  a  bushing  is  made  from  bar  F. 
The  bar  is  squared,  then  drilled  and  reamed  by  chucking 
method  (see  pp.  409, 4l7)|  turned  with  tool  G,  and  cut  off  with 
cutting-off  tool. 
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10.  A  combination  chuck.  Fig.  4,  is  a  chuck  in  which 
the  jaws  may  be  moved  independently  or  simultaneously. 
When  moved  simultaneously,  jaws  may  be  set  either  con- 
centrically or  eccentrically.  Chuck  A  consists  of  shell  B  and 
jaws  C  moved  by  screws  D.  These  screws  mesh  with  thread 
on  back  of  jaws,  and  carry  pinions  which  can  be  placed  in 
mesh  with  an  annular  bevel  gear  controlled  by  device  on 
back  of  chuck.  When  in  mesh,  chuck  is  universal;  out  of 
mesh,  each  jaw  can  be  moved  independently.    In  Fig.  4  the 


COMWfiATlOH 

—A 


Fia.  4. — Combination  Chuck  Holding  an  Eccentric. 

jaws  are  set  eccentrically  with  annular  out  of  mesh,  then  an- 
nular is  thrown  in  mesh  and  the  jaws  are  controlled  as  in  a 
universal  chuck.  To  make  the  chuck  universally  concentric, 
adjust  each  jaw  to  a  circle  on  face  of  chuck  and  throw  in 
annular. 

11.  Special  chucks  can  be  made  or  ordered  from  a  manu- 
facturer. For  some  classes  of  work,  jaws  of  special  shape 
may  be  home-made  to  fit  a  regular  chuck. 

12.  Face  plate  jaws  are  obtainable  which  may  be  bolted 
to  a  face  plate  and  used  as  a  chuck. 


Digitized  by  VjOOQ IC 


CHUCKS 


405 


13.  Draw-in  (spring)  chucks,  or  collets.  Fig.  5,  are  used  on 
toolmakers'  and  watchmakers'  lathes  and  also  on  some  engine 
and  turret  lathes  to  hold  bars  or  rods,  as  BB'.  The  rod  is 
passed  through  the  spindle  and  accurately  held  by  the  chuck, 
and  from  the  rod  small  screws,  studs,  bolts,  etc.,  may  be 
conveniently  made  without  preliminary  cutting  off,  centering, 
squaring,  etc. 


FiQ.  5. — TuRNiNQ  Rod  Held  xn  Draw-in  Chuck. 


The  steep  taper  on  the  chuck  fits  the  conical  hole  in  end 
of  spindle.  The  chuck  is  slitted  a  short  distance  at  three 
equidistant  points,  and  rotating  wheel  C,  which  operates  a 
hollow  shaft  that  passes  through  the  spindle  and  makes  a 
threaded  connection  to  end  of  chuck,  draws  the  chuck  into 
its  seat  to  grip  the  bar  or  rod. 

14.  Care  of  chucks.  —  All  chucks,  and  especially  universal 
chucks,  are  short-lived  for  accurate  work  unless  used  intelli- 
gently and  properly  cared  for;  they  should  be  cleaned  and 
oiled  frequently. 
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16.  Mounting  and  removing  chucks.  —  Clean  and  oil 
thread  of  both  chuck  and  spindle,  remove  live  center  and 
plug  hole  with  clean  waste.  Hold  chuck  square  against  nose 
of  spindle  with  right  hand  or  arm  and  rotate  lathe  with 
left  hand  until  the  chuck  comes  against  shoulder  on  spindle. 
Small  chucks  may  be  loosened  by  grasping  one  jaw  with  a 
monkey  wrench  and  striking  the  handle  a  sharp  blow  with 
the  hand;  large  chucks,  by  placing  a  block  of  wood  between  a 
jaw  and  the  bed  of  lathe  and  rotating  lathe  backward  (with 
back  gears  in)  by  hand.  Arbor  or  shank  chucks  are  inserted 
and  removed  the  same  as  lathe  centers. 

Attention.  — To  avoid  springing  work  held  in  a  chuck,  the 
jaws  should  be  forced  against  the  solid  parts,  if  convenient, 
as  the  arms  of  a  pulley. 

In  some  classes  of  light  work,  it  is  often  necessary  to 
loosen  the  jaws  slightly  before  taking  a  finishing  cut  either 
when  turning  work  held  in  a  chuck  or  when  boring  or 
reaming. 


FACE  PLATES 

16.  To  hold  work  on  face  plate.  —  Some  work  can  be 
clamped  to  a  large  face 
plate  and  machined  more 
accurately  and  conven- 
iently than  if  held  in  a 
chuck.  The  work  B  is 
clamped  to  face  plate  A, 
Fig.  6,  by  clamps  C 
and  C  and  bolts  D  and 
D\ 

If  a  finished  surface 
is  to  be  clamped  against 
a  face  plate  or  other  fin- 
ished   surface,    insert    a 

sheet  of  paper   between      fiq.  e.- Clamping  Work  to  Fao 
to  prevent  slipping.  Plat*. 
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17.  To  clamp  an  engine  crank  to  face  plate,  Fig.  7.  — To 
face  plate  A^  crank  B  is  bolted  by  bolts  C  and  C  and  clamp 

D,  in  order  to  bore  out 
hole  E  and  turn  and 
face  hub  F.  Before 
clamping  to  face  plate, 
plane  the  crank  on  its 
face  and  line  out  the 
holes,  as  at  ff  and  /, 
Fig.  8.  Describe  circles 
of  the  required  diam- 
eter around  the  cored 
holes  the  proper  dis- 
tance apart  for  the 
crank  throw.  To  pro- 
vide centers  for  circles, 
drive  pieces  of  wood 
into  holes  to  form 
bridges,  as  at  J  and  J\  Turn  down  the  corners  of  a  piece 
of  tin,  and  drive  it  into  the  center  of  the  bridge,  as  at  £  and 
K'.  Rotate  lathe  by  hand  and  move  crank  by  rapping  until 
circle  is  true  to  axis  of  rotation  when  tested  with  scriber  L, 
Fig.  7,  then  clamp  crank  hard  to  face  plate. 


Fia. 


7. — Testing  Location  of  Engine 
Crank  on  Face  Plate. 


Fig.  8. — Laying  Out  Holes  in  Engine  Crank. 

18.  A  counter  weight  to  balance  work  is  bolted  to  face 
plate  at  JW,  Fig.  7,  in  order  to  balance  the  eccentrically  placed 
work  and  insure  smooth  running  and  accuracy. 

19.  To  hold  work  with  an  angle  plate.  —  Angle  plate  A, 
Fig.   9,   is  a  useful  fixture  for  various  machine    tools.    It 
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is  planed  all  over  with  the  faces  at  right  angles  (90**).    It 
is  bolted  to  face  plate  B,  and  pillow  block  C  is  clamped  to 

inside  surface  by  bolts 
D  and  JD'  and  clamps  E 
and  E',  F  is  a  counter- 
balance. Before  boring, 
the  pillow  block  has  had 
its  base  planed  and  the 
cap  fitted  and  screwed 
on.  A  circle  of  proper 
diameter  is  described 
around  the  cored  hole 
and  center  punched. 
Theangle  plate  and  work 
must  be  adjusted  until 
this  circle  runs  true, 
after  which  hole  G  may 
be  bored  and  reamed. 


Flo.  9. — Use  op  Anglb  Plate  Clamped 
TO  Face  Plate. 

CHUCKING 


20.  A  method  of  drilling  and  reaming.  —  In  chucking,  the 
drill  is  stationary,  while  the  work  rotates.  In  drilling,  the  drill 
rotates  and  the  work  is  stationary.  Boring  is  the  enlarging 
of  a  hole  with  a  boring  tool,  see  pp.  604-606,  or  boring  bar,  see 
pp.  610-619.  Chucking  is  used  where  it  woifld  be  impracticable 
to  drill. 

21.  Chucking  solid  work  with  regular  two-lipped  twist  drill 
in  engine  lathe.  Figs.  10,  11,  12. 

Specifications:  CenteriDg  tool,  twist  drill  fijf"  to  A"  small,  drill 
holder,  chucking  reamer  .005"  small,  hand  reamer  standard  size, 
reamer  wrench.    Set  dead  center  in  approximate  alinement. 

Speed  for  chucking:  Use  the  same  cutting  speed  that  would 
be  used  in  rough  turning  work  equal  in  diameter  to  the  drill  or 
reamer. 

SCHEDULE   OF  OPERATIONS 


1.  Moimt  work  A  in  chuck  B, 
Fig.  10. 

2.  True  up  work,  see  pp.  402, 
403. 


3.  To  start  drill  in  work  A,  cut 
true  cavity  as  large  as  diameter 
of  drill  but  at  a  slightly,  more 
acute  angle  than  point  of  drill, 


Digitized  by  VjOOQ IC 


CHUCKING 


409 


Fia.  10.  —  Cutting  a  Conical 
Cavity  Axially  True  to  Start 
Twist  Drill. 


as  at  A'  with  centering  tool  C, 
Fig.  10. 

4.  Insert  taper  shank  drill  T> 
in  drill  holder  E,  Fig.  11. 

5.  Place  point  of  drill  in  cavity 
and  holder  on  dead  center  with 
handle  resting  on  carriage. 

6.  Feed  drill  to  work  by  operat- 
ing footstock  spindle  with  right 
hand  and  pressing  holder  on  dead 
center  with  left  hand. 

7.  Power  ream  with  chucking 
reamer  by  same  method  as  in 
drilling,  see  pp.  4l7,  4l8. 


TAPtR   tHANK       DRILL 
TWI>T  DRILL     HOLDER  ( 


Fig.  11.  —  Chucking  with  Taper  Shank  Twist  Drill. 


8.  To  hand  ream  hole,  see  pp. 
415-417.  The  hole  may  be 
drilled  with  a  straight  shank  drill 
using  holder,  as  in  A,  Fig.  12. 

If  a  drill  holder  is  not  obtain- 
able,  a  dog  may  be  fastened  to  the 


drill,  a  tool  placed  upside  down  in 
tool  post  of  lathe  and  pressed 
against  the  dog  to  keep  drill  on 
center,  as  in  B,  Fig.  12. 

If  the  carriage  is  heavy,  it  may 
be  helped  along  by  left  hand. 


STRAIGHT   SHAKH 


Fig.  IZi  —  Chucking  with  Straight  Shank  Twist  Drill. 
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Warning.  —  Holder,  drill,  or  reamer  must  be  held  firmly  on  dead 
center,  for  if  allowed  to  slip  ofif,  work  and  tool  will  be  ruined. 

Infarmabwn,  —  If  a  centering  tool  is  not  obtainable,  cut  a 
small  true  cavity  in  work  with  a  side  tool.  Feed  drill  to  the 
work  and  at  the  same  time  press  butt  end  of  lathe  tool,  as  at  F, 
Fig.  11,  against  side  of  drill  aiid  operate  cross  feed  until  drill 
runs  true  and  cuts  its  full  size.  By  this  method,  an  expert  can 
start  a  drill  true  without  the  cavity,  but  a  student  will  need 
practice. 

Important.  —  Reamed  holes  have  a  very  slight  taper  and  the 
end  the  reamers  enter  is  always  the  larger;  therefore  drill  and 
ream  work  from  the  side  into  which  the  shaft  is  to  be  fitted. 

Attention.  —  Solid  work,  especially  steel,  is  chucked  with  a 
two-lip  twist  drill.  Three  and  four-groove  drills  are  used  for 
cored  work  (castings)  or  to  follow  a  two-groove  drill.  Smooth 
holes  may  be  made  with  a  drill  xAtf"  to  ^"  small  and  a  hand 
reamer;  but  better  results  are  obtained  by  also  using  a  fiuted 
chucking  reamer  .005"  small  before  the  hand  reamer.  See 
pp.  4X7,  4l8. 

22.  To  chuck  cored  gear  castings  with  four-  or  three-groove 
twist  drill,  Fig.  13.  —  Bevel  cored  hole  in  casting  A  to  a  slightly 


FiQ.  13.  —  Chucking  Cored  Gear  Casting  With  Foub-Geooye 
Twist  Drill. 

less  angle  than  point  of  drill  B,  as  at  A',  and  to  the  full  diameter 
of  drill  with  side  tool  C.    This  true  and  acute  bevel  starts  the 
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drill  true  and  the  drill  cuts  to  its  full  size  before  its  end  reaches 
the  irregular  cored  hole. 

Drill  hole  jijs"  to  ^f"  small,  power  ream  .005"  small  and  hand 
ream  to  size.  Cored  holes  over  1"  diameter  may  be  drilled 
with  a  shell  drill  or  shell  chucking  reamer,  as  at  2>,  Fig.  13. 

Attention,  —  For  very  accurate  work,  a  hole  should  be  bored, 
see  pp.  604,  605,  to  about  .005"  small,  and  then  hand  reamed, 
see  p.  4l6. 

H-'      -       ^  czzmzzzB 

c       .      

*— »=^ —  «-"*"  -^   **  •" 

Flat  Chuckinq  Drill.  Grooyed-Lip  Fi«at  Chuckinq 

Fig.  14. 

28.  Flat  chucking  drillsi  Figs.  14-17,  are  often  used  for 
chucking  in  an  engine  lathe,  for  either  cored  holes  or  soUd  work. 
Large  coimtersink  A,  Fig.  14,  provides  a  firm  bearing  on  dead 
center.  End  fi  is  ^"  smaller  in  diameter  than  the  chucking 
reamer.    Point  CC  is  central  and  either  thinned  or  grooved  on 


3 


^ 


Fig.  15. — Twisted-Lip  Flat  Chucking  Drill. 

both  sides,  as  at  D.  To  give  the  cutting  Ups  some  rake, 
grooves  may  be  ground  above  them,  one  of  which  is  shown 
at  EE\  Fig.  14.  A  better  way  is  to  twist  the  lips  as  at  F  and  G, 
Fig.  15. 


3 


Fig.  16.  —  Flat  Chucking  Reamer. 

24.  Flat  chucking  reamersi  Fig.  16.  —  The  cutting  edges  are 
AB  and  CD.  Head  E  is  from  .005''  to  .010"  under  size  to 
allow  for  hand  reaming. 
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25.  Chucking  with  a  flat  drill  and  chucking  reamer  in  an 
engine  lathe.  Fig.  17. 


FiQ.  17. — Chucking  Pullet  with  Flat  Drill. 


SCHEDULE  OF  OPERATIONS  AND   TOOLS 


Set  dead  center  in  approzimate  alinement. 

Drill,  ^"  to  ^"  SEoall.     Chucking  reamer,  yiiy"  small. 

Drill  rest.     Monkey  wrench.     Hand  reamer,  standard  size. 


1.  Mount  pulley  A  in  inde- 
pendent chuck  B, 

2.  True  up  by  inside  of  rim. 

3.  Clamp  driU  holder  C  in  post 
E  to  tool  block  F. 

4.  Set  holder  with  dead  center 
H'  exactly  in  middle  of  slot  as  at 
G. 

5.  Set  holder  near  work  as  at 
C,  A\ 

6.  Place  drill  approximately 
central  in  holder,  as  C",  D',  with 
dead  center  H'  in  other  end. 

7.  Place  point  of  drill  central 
against  hub  A', 

8.  PuD  wrench  K  forward  to 
pinch  drill  in  slot. 

9.  Start  lathe  at  speed  for 
twist  drills. 

10.  Feed  spindle  until  drill  cuts 
half  the  deptn  of  its  point. 


11.  Remove  wrench.  Feed 
drill  rapidly. 

12.  Hold  drill  back  on  dead 
center  with  left  hand,  when  point 
breaks  through. 

13.  Stop  lathe  when  through. 

14.  Place  flat  chucking  reamer 
in  slot  as  in  operation  4. 

15.  Hold  with  wrench  until 
reamer  is  started.  When  through 
stop  lathe.  To  ream  hole,  see 
pp.  414.  416. 417. 

Attention.  —  If  slot  in  holder  is 
not  at  height  of  dead  center,  the 
drill  or  reamer  will  cut  large  and 
may  spoil  work.  If  drill  moves 
sidewise  when  starting,  replace 
wrench  and  repeat.  Drill  must 
cut  true  before  reaching  full  diam- 
eter. For  large  holes  or  cored 
holes,  use  two  or  three  flat  drills 
of  increasing  diameters. 
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26.  Reamers  are  used  for  sizing,  smoothing,  and  standard- 
izing straight  and  taper  boles.  See  Taper  Reamers,  pp.  4i8, 
4i9,  6l9,  620. 

There  are  two  general  classes:  chucking  or  roughing  ream- 
ers, used  in  a  machine,  and  finishing  reamers,  used  by  hand  or 
p)ower.  The  usual  amount  for  the  finishing  reamers  to  out 
is  .005'^  to  ^'^  for  cast  iron,  and  .005'^  to  .010'  for  steel  and 
brass. 

27.  Irregularly  spaced  teeth.  —  To  prevent  chattering, 
reamer  teeth  or  blades  are  spaced  progressively  wider  as  in 
Fig.  18,  A  to  1  to  the  right,  and  from  1  to  A  to  the  left. 

The  clearance  O  is  given  the  teeth  or  lands  to  relieve  the 
cutting  edge.  The  point  of  a  hand  reamer  is  slightly  tapered 
a  distance  equal  to  its  diameter,  to  enter  the  hole.  The  shank, 
H,  Fig.  20,  is  ground  .OOl'^  small,  to  prevent  binding  in  hole. 


¥iQ.  18.  —  Tbeth  or  Hand 

RbAMSR  iRRBOtriiARLT 

Spaced. 


V4 

Pig.,  19. — Tbbth  of  Hand 

RbAUBR  "WITH  NnoATiyB 

Rake. 


28.  To  ream  brass,  the  face  of  teeth  is  inclined  20^  back 
of  radial  (negative  rake)  to  prevent  chattering,  as  in  Fig.  19. 
See  Broaching,  pp.  64&-648. 

Attention.  — Cast  iron  and  brass  are  reamed  dry;  steel  and 
wrought  iron  with  oil. 

Warning.  —  To  ream  thin  work  in  a  vise  use  a  reaming  jig. 
See  p.  416. 


Digitized  by  VjOOQ IC 


414 


ADVANCED  MACHINE  WORK 


Caviion,  —  To  ream  work  in  a  vise  wUhovi  a  jig  and  also  with- 
out chattering  and  spoiling  the  work,  the  length  of  hole  should 
be  about  twice  the  diameter  of  the  reamer.    See  pp.  415,  4l6. 


FiQ.  20.  —  Reaming  in  Vise. 
39.  Hand  reaming  work  held  in  vise,  Fig.  20. 

SCHEDULE  OF  OPERATIONS  AND  TOOLS 
Hole  in  flanges  casting  drilled  or  drDled  and  reamed  .005''  to  u^''  small. 


1.  Chuck  work  B  in  engine 
lathe  then  fasten  firmly  in  vise  C, 

2.  Place  adjustable  reamer 
wrench  D  on  square  end  of 
reamer  A  and  fasten  with  thumb 
screw  E. 


3.  Rotate  wrench  rapidly  in 
direction  of  arrow  F  and  at  same 
time  press  downward  in  direction 
of  arrow  G,  continue  rotating  and 
pressing  downward  until  reamer 
passes  clear  through  the  casting. 


Warning.  —  Hand  reamers  should  never  be  rotated  back- 
ward as  it  quickly  destroys  their  cutting  edges,  and  they  should 
be  used  vertically  when  the  nature  of  the  work  will  permit. 

Note.  —  Before  placing  reamer  in  hole,  see  that  there  are  no 
burrs  on  shank  H,  which  would  be  likely  to  scratch  the  reamed 
surface  as  the  reamer  is  passed  through  the  hole. 

30.  To  hand  ream  thin  work  with  reaming  jig,  as  cutter 
disk,  Fig.  21. 
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Fig.  21.  —  Hand  Reaminq  Thin  Work  Held  in  Reaming  Jig. 

SpedflcatiQiis:  Hole  in  cutter  disk  or  other  thin  work  drilled  by  the 
chucking  method  t^xf"  or  ft"  small,  or,  preferably,  drilled  and  then 
bored  and  power  reamed  .005"  small,  see  pp.  408,  60I-6O6,  4l7. 

SCHEDULE  OF  OPERATIONS 


Hold  jig  base  A  firmly  in  vise, 
as  in  Fig.  21. 

Place  cutter  disk  or  thin  work 
B  between  clamp  plate  C  and  jig 
base  A. 

Insert  centering  or  alining  plug 
D  in  reamer  guide  E,  where 
reamer  F  is  shown,  with  end  G, 
which  is  .005"  to  ^V"  SDaall»  ^ 
hole  in  cutter  disk  B,  as  shown  in 
detail  at  B', 

Tighten  clamping  bolts  H,  H' 
equally  on  both  sides,  first  with 
thumb  and  finger  then  with  the 
wrench,  and  remove  plug  D, 

Place  hand  reamer  F  in  reamer 


guide  E,  and  with  wrench  /,  re- 
volve reamer  to  the  right  as  shown 
by  arrow,  and  press  down  lightly 
as  the  reamer  is  rotated,  see  pp. 
4l3,  4l4. 

Lubricant:  If  the  work  is  steel, 
use  plenty  of  lard  oil;  if  cast  iron, 
ream  dry. 

Important,  —  To  turn  disk,  oil 
mandrel  and  if  the  disk  is  thin  be 
careful  and  do  not  press  mandrel 
in  too  hard,  and  do  not  remove 
mandrel  from  disk  until  all  turn- 
ing and  squaring  is  completed. 

Attention. — Clean  jig  and  reamer 
before  returning  to  tool  room. 


31.  Adjustable  reamers.  —  A,  Fig.  23,  may  be  adjusted 
to  compensate  for  wear  and  to  ream  special-size  holes. 
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32.  Reaming  stand  B,  Fig.  22,  is  more  convenient  than 
a  vise.  It  consists  of  an  independent  chuck  C,  supported 
by  column  D.  The  work  E  is  firmly  gripped  in  the  jaws  F 
by  operating  the  handle  G. 


N^j^=C3 


p=^^^ 


Fig.  22.  —  Hand  Reaming  in  Reaming  Stand. 

33.  To  ream  work  by  hand  in  the  lathe  with  a  hand  reamer, 
Fig.  23. 


FULL 
«eLT 


Fig.  23.  —  Reaming  in  Lathe  by  Hand. 
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SCHEDULE  OF  OPERATIONS  AND  TOOM 

Hole  in  blank  drilled  or  bored  .005''  to  ^'^  small. 
Set  dead  center  in  approximate  alinement. 


1.  Place  reamer  A  in  drilled 

2.  Place    arm    of    wrench    D 

or  bored  hole  in  work  B  held  in 

against  tool  block  E. 

chuck  C. 

3.   Pull    belt    downward    and 

follow  with  dead  center. 

Warning,  —  Carefully  follow  reamer  with  dead  center  to 
prevent  spoiling  reamer  and  work. 

On  thick  work,  start  hand  reamer  in  above  manner  in  lathe, 
and  then  take  both  work  and  reamer  to  reaming  stand  or 
vise  for  finishing.     See  p.  414. 

34.  Fluted  chucking  reamer^  Fig.  24,  is  obtainable  in 
standard  sizes  or  .005^  small,  to  be  followed  by  standard 
hand  reamer.  This  class  of  reamers  has  its  points  always 
beveled,  and  some  points  are  slightly  tapered  the  same  as  on 
hand  reamers.  Chucking  reamers  are  also  obtainable  with 
taper  shanks  to  fit  drill  sockets. 

36.  To  ream  in  lathe  by  power  with  fluted  chucking  reamer. 
Fig.  24. 


CHtH^K 


TAPE ft    SHANK 


FiQ.  24.  —  Reaming  Geab  Blank  in  Laths  bt  Powbb. 
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SCHEDULE  OF  OPERATIONS  AND  TOOLS 

Hole  in  casting  drilled  jj^''  to  ^^  small. 
S^t  dead  center  in  approximate  alinement. 


1.  Insert  taper  shank  reamer 
A,  Fig.  24,  in  reamer  holder  B. 

2.  Place  reamer  A  in  drilled 
hole  in  gear  casting  C,  and  holder 
B  on  dead  center  with  handle 
resting  on  carriage. 

3.  Feed  reamer  to  work  by 
operating  footstock  handle  with 
right  hand  and  press  holder  hard 
against\center  with  left  hand,  as 
shown. 


Speed  for  power  reaming. — 
Use  about  two-thirds  the  speed 
recommended  for  twist  drills  of 
same  diameter. 

Warning,  —  To  prevent  reamer 
A,  Fig.  24,  slipping  oflf  dead  cent- 
ter,  press  holder  hard  against 
dead  center.  Neglect  of  this 
often  ruins  drill  and  work. 

To  hand  ream,  see  pp.  4l4-4l7. 


36.  Rose  chucking  reamer.  Fig.  25,  is  made  with  either 
straight  or  helical  flutes,  with  cutting  teeth  on  end  only.  It 
will  not  produce  as  smooth  a  bole  as  a  hand  or  fluted  chuck- 
ing reamer  and  is  not  used  when  a  smooth  hole  is  required. 
See  also  p.  4l7.  It  is  obtainable  in  standard  sizes  and  also 
with  taper  shanks  to  fit  drill  holders  and  sockets. 


FiQ.  25.  —  Rbabong  Flanqb  Castinq  by  Powbr  in  Lathb. 

37.  Broach  reamers  for  small  taper  pins.  —  Collars,  A,  and 
similar  work  are  often  fastened  to  shafts  by  drilling,  ream- 
iiig,  B,  and  pinning,  C,  Fig.  26. 
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SIOTION 
OF  RCAMCR 


Fig.  26.  —  Rbamino  Taper  Pin  Holbs 
WITH  Broach  Rbamsr  in  Speed  Lathe. 


Broach  reamers  may  be  supplied  with  a  handle,  as  at  E, 
and  used  by  hand  to  enlarge  holes  and  to  remove  burrs.  They 
are  obtainable  in  tapers  of 
i^  and  ^y''  per  foot,  and  in 
sizes  from  No.  1  to  No.  70 
(drill  and  wire  gage  sizes). 
Taper  pin  fluted  reamers 
and  taper  pins  having  a 
taper  of  ^^  per  foot  are 
used  for  pinning  or  dowel- 
ing, and  are  obtainable  in 
sizes  from  J^  to  IJ^.  Each 
reamer  overlaps  the  next 
smaller  size. 

Attention.  —  To  avoid  breaking  taper  reamers,  feed  slowly, 
oil  freely,  and  withdraw  frequently  to  remove  chips. 

MACHINING  ALLOYS,  ETC. 

38.  To  machine  bronze.  —  Phosphor,  Tobin,  and  other 
bronzes  are  tougher  than  ordinary  brass,  and  are  machined 
with  cutting  tools  similar  to  those  used  for  steel  and  wrought 
iron,  and  lubricated  with  lard  oil. 

39.  To  machine  copper.  —  Copper  is  machined  with  tools 
similar  to  those  used  for  steel  but  preferably  with  more  rake 
as  a  keen  edge  is  desirable,  and  with  the  point  slightly 
rounded.  Lubricate  with  milk,  soda  water,  or  soap  mixture. 
Use  speed  nearly  as  fast  as  for  brass. 

40.  To  machine  aluminum.  —  Aluminum,  owing  to  its  light 
and  ductile  nature,  is  machined  with  tools  having  acute  cutting 
angles,  more  rake  than  is  used  for  steel,  and  at  a  moderately 
fast  cutting  speed.  See  Lubricants  for  Cutting  Tools,  pp. 
148-150.  A  very  high  polish  may  be  obtained  on  a  cotton 
buffing  wheel. 

41.  To  machine  babbitt  and  lead. — Babbitt  and  lead  are 
machined  dry  and  with  keen  tools. 

42.  To  machine  vulcanite  or  hard  rubber  or  fiber.  — 
Rubber  and  fiber  are  machined  dry,  at  a  moderately  fast 
speed,  with  cutting  tools  similar  to  those  used  for  steel.    They 
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are  finished  and  polished  the  same  as  steel,  for  a  very  high 
finish  buff  on  a  cotton  bufling  wheel  charged  with  tripoli  or 
rottenstone. 

43.  To  machine  rawhidey  use  tools  similar  to  those  used 
for  steel,  but  preferably  with  more  rake  and  with  a  cutting 
speed  about  the  same  as  for  brass,  and  machine  dry.  For 
gear  blank?,  the  several  layers  are  confined  between  riveted 
plates,  and  should  be  shellacked  as  soon  as  machined  to  pre- 
vent swelling.  Rawhide  is  milled  and  drilled  dry,  and  the 
chips  removed  by  compressed  air  or  a  fan. 

MANDRELS  OR  ARBORS 

44.  A  mandrel,  often  called  an  arbor,  is  pressed,  driven,  or 
threaded  into  work  to  provide  centers  so  that  it  may  be 
machined. 

An  arbor  is  a  shaft  used  to  carry  a  cutting  tool,  as  a  mill- 
ing machine  arbor,  a  saw  arbor,  etc. 

Four  classes  of  mandrels  aroused:  soUd,  expanding,  built-up 
and  gang.    See  pp.  421, 422, 6l3  and  Nut  Mandrel,  pp.  340, 12o8. 

45.  Standard  solid  mandrel,  AB,  Fig.  27,  is  made  of  tool 


MANDKEi. 


Section  or  Mandrbl  End. 


LARGE    CNO 

A 


SMALL  CNO 


g^ 


FiQ.  27.  —  Mandrel  ob  Arbor. 
steel,  hardened  and  ground.  See  Table  of  Mandrels,  p.  1204. 
The  size  is  stamped  at  large  end,  as  at  C.  A  portion  of 
each  end  is  reduced  and  flattened  to  receive  the  driving  dog. 
The  ends  are  recessed  as  at  D,  Fig.  27,  around  the  counter- 
sinks to  protect  them  from  injury. 

ImportarU,  —  For  accurate  work,  mandrels  should  be  tested 
to  see  if  they  run  true.    See  1211. 
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46.  Expanding  mandrel.  —  Fig.  28  consists  of  shaft  A 
having  uniformly  tapered  slots  as  at  B.  Sleeve  C  guides  ta- 
pered jaws  D  (see  D')  while  they  are  being  adjusted  to  the  work 
by  the  sliding  of  the  shaft  A. 


Fio.  28.  —  Expanding  Mandrel. 


47.  Bridges  in  hollow  castings   A,  Fig.  29,  are  often  cast 
across  the  ends  as  at  J5,  to  provide  for  center  holes. 


Fio.  29.  —  Bridgb  in  Hollow  Castino  tor  Center  Hole. 

48.  Revolving  dead  center  for  pipe  turning.  —  To  square 
or  turn  small  pipe,  mount  upon  ordinary  lathe  centers.  For 
large  pipe  or  cored  work,  a  special  large  dead  center  is  needed, 


Fig.  30.  —  Revolving  Dead  Center  for  Pipe  Turning. 

preferably  one  that  will  revolve  as  at  A,  Fig.  30,  in  which 
cone  B  revolves  upon  shank  C  A  solid  live  center  or  chuck 
may  be  used  at  other  end. 


Digitized  by  VjOOQ IC 


422 


ADVANCED  MACHINE  WORK 


49.  Built-up  mandrels.  —  To  face  the  ends  of  small  engine 
cylinders  or  similar  work,  a  built-up  mandrel  is  used.  To 
face  the  ends  of  a  piece  of  pipe  or  cored  work,  make  a  mandrel 
by  drilling  and  tapping  three  or  four  holes  around  each  end 
of  a  stiff  shaft  and  inserting  adjusting  screws  to  bear  against 
the  inside  of  work. 

For  large  shells,  tubes,  etc.,  castings  called  "  spiders  "  are 
used  consisting  of  arms  projecting  from  a  hub,  each  arm 
supplied  with  a  screw  to  bear  against  the  work,  and  the  hub 
supplied  with  set  screws  to  fasten  spider  to  mandrel. 




•ANQ 
MANDRCl 

OIAB  08  CUXZEB  tLAHKS 

FiQ.  31. — Gang  Mandrel. 

Gang  mandrels  are  used  to  hold  several  gears  or  cutter  blanks 
at  once  and  are  made  with  shoulder  and  reduced  part  to  receive 

blanks  which  are  fastened  by  collar 
and  nut  on  end  of  mandrel,  as  in 
Fig.  31. 

A  special  mandrel  may  be  made  of 
any  suitable  piece  of  stock  by  center- 
ing, turning,  and  filing  to  fit  the  hole. 
60.  Soft  hammers  for  driving 
mandrels  into  work  are  made  of  lead 
or  rawhide.  A  steel  hammer  should 
never  be  used  without  protecting 
work  with  a  block  of  wood,  copper, 
or  lead. 

Attention.  —  Molds  are  obtainable 
for  molding  lead  hammers. 

51.  Mandrel  or  arbor  block. — 
Fig.  32  shows  the  relative  position 
of  block  A,  mandrel  B,  work  C,  and  soft  hammer  D  when 
driving  a  mandrel  into  the  work. 


FlQ. 


32.  —  Driying  Mandrel 
INTO  Flange. 
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62.  Mandrel  or  arbor  press.  A,  Fig.  33,  is  used  to  press  man- 
drel B  into  work  C  by  forcing  spin- 
dle D  against  the  mandrel  with 
handle  E.  Pointer  F  may  be  set 
to  adjust  mandrel  for  duplicate 
pieces.  The  press  may  l?e  bolted 
to  a  lathe  as  at  G,  or  mounted  on 
a  stand.  It  may  be  used  also  for 
forcing  fits. 

63.  Center  mandrel  for  bottom 

holes.  —  Mandrels  made  to  fit  the 

hole  in  the  live  spindle  of  a  lathe 

are  used  to  hold   caps,   oil  cups, 

bottom  or  blind  nuts  and  similar 

work    that    must     be    machined. 

The  projecting  end  is  turned  either 

to  a  slight  taper  to  receive  work 

with  a  plain  hole,  or  threaded  to  ^la.  33.  -  Forcwo  Mandrel 
,    ,         ,    ,    .  INTO  Flange  wrra  Mandrel 

hold  threaded  pieces.  Press. 

61.  Studs  for  driving  large  work  instead  of  dog.  —  Work 
of  large  diameter,  as  a  large  pulley,  may  be  driven  by  its  arms 
with  one  or  more  studs  fastened  to  the  face  plate  of  lathe. 

Attention.  —  Oil  mandrel  before  pressing  or  driving  it  into 
work.  Take  light  cuts  when  using  small  mandrels  to  avoid 
springing  of  mandrel  and  chattering,  producing  irregular  tool 
marks. 

Warning. — To  avoid  breaking  the  spokes  of  a  pulley  or  sim- 
ilar piece  of  work  when  driving  a  mandrel  in  or  out  at  mandrel 
or  arbor  block  or  pressing  a  mandrel  in  or  out  with  mandrel  or 
arbor  press,  place  a  collar  under  hub  of  pulley  so  that  the  pres- 
sure will  come  on  the  hub  and  not  on  the  rim  of  the  pulley. 
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TURNING  FLANGES 

66.  To  clamp  carriage  to  face  large  ^ork  in  engine  lathe.  — 

Feed  tool  to  its  cut  by  hand,  then  clamp  carriage  with  bind- 
ing screw  and  use  power  cross  feed. 

In  the  absence  of  power  cross  fejed  and  clamp,  throw  feed 
belt  off  or  feed  gears  out  of  mesh.  Run  tool  close  to  work, 
tighten  long,  feed  friction  knob,  revolve  feed  shaft  by  hand 
until  tool  takes  required  cut  and  then  feed  tool  inward  or 
outward  with  hand  cross  feed. 


B 


MANDREL 

c  0Z 


=C 


KOUaHlNd    CUT 


Fig.  34.  —  Rough  Facing  Flange. 

66.  To  rough  turn  face  of  cast-iron  flange,  Fig.  34.  — 
Use  cutting-in  tool  A  for  roughing  flange  B  on  mandrel  C. 
Fasten  tool  in  post  D,  and  clamp  carriage.  Feed  in  direction 
of  arrow  E  to  outer  edge  of  fillet. 


Digitized  by  VjOOQIC 


TURNING  FLANGES 


425 


67.  To  finish  and  scrape  face  of  cast-iron  flange  to  pre- 
pare for  polishing.  Fig.  35. — Take  light  finishing  cuts  with 


Fig.  35.  —  Finish  Facing  Flangb. 

facing  tool  A  ground  to  60®,  as  at  C  and  Z>,  at  medium  high 
speed.  Grind  and  oilstone  top  face  of  tool.  Set  it  to  drag  a 
little  as  at  £  and  feed  in  direction  of  arrow  F.    Use  scraper 


EXPANOINQ 
MANDREL 


\ 


CAST 

IRON 

FLANOE 


nu       iiftiVidw- 


E^i 


Fig.  36.  —  Scraping  Radial  Face  of  Flangb. 

il,  Fig.  36,  with  cutting  edge  CD  ground  straight,  or  slightly 
convex,  at  medium  speed.  Hold  scraper  on  rest  E  and  move 
in  direction  of  F  with  point  dragging  a  little  as  at  G.  A  piece 
of  leather  placed  under  scraper  will  often  prevent  chattering 
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68.  To  scrape  inside  rounds  or  fillets  to  the  desired  curva- 
ture.   First  shape  with  a  roimd-nose  lathe  tool.    Then  use  a 

round-nose  hand  tool,  A,  Pig. 
37,  to  prepare  filleted  comer  of 
flange  B  for  polishing.  C  and 
D  show  point  and  clearance  of 
tool.  To  avoid  chattering,  cur- 
vature of  end  E  should  be 
greater  than  that  of  fillet  for 
clearance  and  the  tool  should  be 
held  firmly  on  rest.  A  round 
or  half-round  file  is  sometimes 
used  to  smooth  a  fillet. 

Attention.  —  Cylindrical  sur- 
faces are  more  easily  prepared 
for  polishing  than  radial  and 
curved  surfaces.  On  small  work  a  light  finishing  cut  is  taken 
with  a  fine  feed,  and  on  very  large  work  a  light  finishing  cut  is 
taken  with  a  broad-nose  tool  and  a  coarse  feed,  and  the  surfaces 
filed  to  erase  the  tool  marks. 

Warning,  —  Do  not  rub  greasy  fingers  on  cast  iron  before  or  during 
filing  or  scraping  as  the  file  or  scraper  will  slip,  glaze  and  scratch  a 
greasy  cast  iron  surface. 


Fig.  37.  —  Scraping  Fillet  in 
Flange. 


Fio.  88.  —  ScHBDULB  Drawing  of  Making  a  Cast-iron  Flange. 
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89.  To  make  a  cast-iron  flange  finished  all  over.  Fig.  38. 
SpedflcstioiiB:  Material,  iron  casting  |^  large;  weight  4  lb.  4  os. 
Hardness,  26  to  28  (scleroscope). 
Set  dead  center  in  approximate  alinement. 
High-speed  steel  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  ma- 
chines, 7  min.  —  Chuck,  25  min.  —  Rough  turn,  25  min.  —  Finish, 
25  min.  —  Polish,  20  min.  —  Drill,  10  min.  —  Cut  keyway,  8  min. 
—  Clean  machines,  12  min. — Total,  2  h.  17  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


OPBBATIOiro. 


Machinxs,  FXXD8, 
Speeds. 


Tools. 


Sna«  casting.  Mount  in  chuck 

and  adjust  until  hub  runs 

true. 
Drill  and  power  (rough)  ream 

hole  (1).  (3).    See  pp.  406- 

4l2,  4l7. 

Hand  (finish)  ream  hole  by 
starting  reamer  in  laihe, 
pull  belt  by  hand,  complete 
at  reaming  stand  or  vise, 
(8).  See  pp.  4l«,  4l4,  Figs. 
23,22. 

True  live  center.     See  p.  Il4. 

Oil  mandrel  and  press  into 
hole  in  flange  in  direction 
hole  was  reamed.  See  pp. 
432,  428;  mount  on  centers. 

Bough  turn  ifi"  overaise,  (4), 


Bough  face  (0);  feed  inward; 
rough  fillet,  (7) ;  rough  face, 
(8);  reverse  work  on  cen- 
ters, and  rough  face  (9)  to 

r  +  A". 

Finish  turn  (10),  (11).  See 
AUerUion,  p.  428. 


File  (10),  (11). 

Finish  face  (18)  with  cute 
.002"'  to  .003"  deep  and 
scrape.    See  p.  436. 


Enginelathe,  12'' to  16'. 
3d     speed,     or     200 

B.P.M. 
1st   or  1 2d    speed,    or 

115R.P.M.    Hand 

feed. 

Reaming     stand     or 
vise. 


Mandrel  press. 


Engine  lathe,  3d  or 
4th  speed.  Back 
gears  in,  or  35 
F.P.M.  Hand  or 
medium  power  feed 
—  80  to  1". 

3d  or  4th  speed.  Back 
gears  in  or  35 
F.P.M.  Hand  or 
medium  power 

feed  — 80  to  1". 

2d  or  3d  speed  (back 
gears  out)  or  125 
F.P.M.  Fine  power 
feed  — 140   to    1". 

3d  speed,  or  176 
F.P.M. 

2d  or  3d  speed,  or  126 
F.P.M. 


File,  independent, 
chuck,  chalk,  cen- 
tering tool,  {f 
twist  drill  and 
holder,  power 

fluted        chucking 
reamer  .005"  small. 

y*     standard     hand 
reamer, 
wrench. 


1"  mandrel,  dog. 


Holder  or  cutter  or 
diamond-point  tool 
15^  rake,  calipers, 
rule. 


Holder  and  cutter  15® 
rake  or  round-nose 
tool.  Two  rules 
to  measure  length 
of  hub,  or  inside 
calipers. 

Holder  and  cutter  or 
diamond-point  tool 
15®  rake,  calipers, 
rule. 

8"  or  10"  mill  bastard 
file,  file  card. 

Facing  tool,  flat 
scraper. 
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Finish  and  scrape  fillet,  (13). 

Seep.  426. 
Finiah  face  and  scrape,  (14). 

Finish  (do  not  scrape  or  pol- 
Uh),  (Iff)  (see  Attention). 

Cut  recess  ^'  deep.  Set  side 
tool  at  46^  feed  outward, 
two  or  three  outs,  (16). 

Polish,  (10),  (11),  (12),  (18), 
(14).     See  pp.  432,  488. 


Jig  drill,  and 
Seep.  604. 


holes,  (17). 


Cut  keyway  central,  (18). 
See  p.  926. 


Stamp    name    or  initials 
recess,  as  E.R.N. 


2d  or  3d  speed,  or  125 
F.P.M. 

2d  or  3d  speed,  or  125 
FJ>.M. 

1st  or  2d  speed,  or  60 
FJ>.M. 

Ist  or  2d  speed,  or  50 
F.P.M.  Hand  or 
medium  power  feed 
—  80tol'. 

Speed  lathe,  highest 
speed. 


2-8pindle  drilling  ma- 
chine. Drill  600 
R.  P.  M.  Power 
reamer,  400R.P.M. 
Hand  feed. 

Planer  and  vise  or  key 
seating  machine. 


Round  -  nose  tool, 
round-nose  scraper. 

Facing  tool,  flat 
scraper. 

Facing  tool,  calipers, 
rule. 

Side  tool,  calipers, 
rule. 


Polishing  stick,  60, 
00, 120,  emery  doth, 
oil. 

Box  jig,  »r  drill,  r 

power  reamer. 


Keyway  tool   holder 
and  cutter,  ^^  wide. 

Steel    name     stamp, 
hammer. 


Attention.  —  Finishing  cuts  10  and  15  may  be  omitted  until  flange  is 
keyed  to  its  shaft.  The  hole  may  be  chucked  with  a  }|'  twist  drill 
or,  if  cored,  with  a  three  or  four-groove  drill,  and  hand  reamed 
(1),  (3).    The  hand  tools  may  be  carbon  steel. 

Note.  —  Bushings,  collars  and  step  pulle3rs  or  any  othor  work 
mounted  on  a  mandrel,  with  one,  two,  or  more  diameters,  are  machined 
in  the  same  general  manner  as  the  flange  in  Fig.  38. 

TURNING  PULLEYS 

60.  The  taper  or  crowning  on  the  face  of  pulleys  ranges 
from  i"  per  foot  for  wide  pulleys  to  }''  per  foot  for  narrow  pulleys. 
Tapered-f  ace  pulleys  are  made  commercially  in  a  pulley  lathe 
with  two  cutting  tools  operating  at  same  time,  —  one  on  the 
front,  the  other  on  the  back  of  machine,  6t  in  turret  lathes 
with  special  tools. 

The  face  of  the  pulley  is  often  crowned  in  a  forming  lathe 
or  groimd  in  special  grinding  machines  from  the  rough  casting. 
The  hubs  of  pulleys  used  in  combination,  as  tight  and  loose 
pulley  mechanism,  are  squared. 
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Pulley  A,  Fig.  39,  is  turned  in  an  engine  lathe.  The  rim 
is  faced  as  at  J3.  The  face  is  tapered  as  at  C.  The  rim  may 
be  chamfered  as  at  D,  or  rounded  with  a  right-and-left  form- 
ing tool  as  at  E,  E\ 


SOL  TAPER  CHAMFER 

)«M        .  FACE  RIM 

I    I  ROUND 


PULLEV 

A 


EDGE  OF  miM 

,LLL 


Fig.  39.  —  Pdllet  Turning  in  Enginb  Lathe. 

The  set-over  offootstock  for  ordinary  tapers  is  forward,  as  at 
At  Fig.  40,  and  for  pulleys  it  is  backward  as  at  B. 


STEEL 
RUUE 


I 

HVE 
CENTER 


-^r^         _J 

:^i  "  i  dead  center  set  back 

^  -^  Tfor  taperinq  pulleys 
-**j  -sa_^ 


DEAD  CENTER  SET  FORWARD 
FOR  ORDINARY  TAPERS 


I 

A 

•FiQ.  40. 

InformatiQii.  —  Omit  straight  turning  on  large  pulle3n9  and  pulleys 
for  rough  work.  Rub  chalk  on  face,  find  middle  with  rule,  turn  taper 
from  rough  casting,  then  round  edges  of  rim  with  forming  tool  (see 
E,  E',  Fig.  39)  and  file  face. 
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61.  To  make  a  pulley  5*  in  diameter.    Fig.  41. 


ACCIDCNTS  PftCVENTED  BY 
USING  SAFETY  SCT  SCftEWS 


MATEIIIAL 1 


iniLLEY  CA8TIN0  jC  MEAMS  nNltH  TAPEH  -^01.  TO  I  FT 

Fia.  41.  —  ScHBDULB  Drawing. 


Spedflcations:  Material,  puUey  casting  with  surfaces  to  be  finished 
tV*  large;  weight,  2  lb.  5  oz.     Hardness,  24  to  30  (scleroscope). 
Set  dead  center  in  approximate  alinement. 
High-speed  steel  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  ma- 
chines, 5  min.  —  Chuck,  20  min.  —  Turn,  square,  and  taper,  40  min. 
—  File  and  polish,  15  min.  —  Drill  and  tap,  10  min.  —  Stamp,  snag 
and  paint,  8  min. — Clean  machines,  7  min. — Total,  1  h.  50  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


Machines,  Speeds, 
Feeds. 


Tools. 


baag  casting.  Mount  in  chuck 
and  adjust  until  edge  and 
inside  of  rim  run  true. 
Drill  and  rough  ream  hole, 
(1),  (S).  See  pp.  4C6,  409. 
4l7. 

Finish  ream  hole  by  hand 
at  reaming  stand  or  viae, 
pp.  4l6.  4l6,  4l4,  (3). 

Oil  mandrel  and  press  into 
hole.    See  pp.  422,  423. 

True  live  center.    See  p.  Il4. 


Engine  lathe,  12^  to 
16'.  3d  speed,  or 
400  R.P.M.  Hand 
feed. 


Reaming  stand  or  vise. 

Blandrel  press. 

3d  speed. 


File,  chuck,  chalk, 
centering  tool,  }|' 
twist  drill,  holder 
or  dog,  chucking 
reamer  .005'  small. 

A'  standard  hand 
reamer,  reamer 
wrench. 

^"  standard  man- 
drel. 

Center  truing  tool, 
center  gage. 
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Mount    puU^     on     centers. 

Rouch  turn  to  ST,  (4),  one  or 

two  cute.    See  A,  Fig.  39. 


Rough  BqoAre  edge  of  rim 
(ft),  reverse  pulley  on  cen- 
ten  and  rough  square  (6) 
to  ir  +  A'.*  See  B. 
Fig.  39. 

niith  square  edge  (7) ,  reverse 
puU^  on  centers  and  finish 
square  (8)  to  1}'  one  cut 
each.    See  B,  Fig.  39. 

Coat  a  small  portion  of  face 
with  copper  sulphate  or  chalk 
and  make  line  midway  be- 
tween edges,  (9). 

Regrind  tool. 

Set  footstock  back  to  turn 
taper  of  Y  per  foot  (A'  for 
6i'  between  centers)  and 
set  tool  to  touch  line  (9), 
see  C,  Fig.  39»  and  feed 
toward  headstock.  Re- 
verse pulley,  reset  tool 
and  repeat,  (10),  (11). 

Chamfer  at  45^  inside  comers 
of  rim,  see  D,  Fig.  39,  or 
roimd  with  forming  tool, 
(1»),  (18). 

Fik  face,  (14),  (Iff).  Scrape 
edges,  (16),  (17). 

Polish  face  and  edges,  (18), 
(19),  (20),  (21),  See  pp. 
432, 438. 

Drill  and  tap  hole  for  set 
screw,  insert  i*  X  V  round- 
point  set  screw. 

Stamp  name  or  initial  on  end 

of  hub. 
Snag    and    paint    unfinished 

parts.        


Engine  lathe,  3d  or 
4th  speed,  back 
gears  in,  or  50 
F.P.11  Medium  pow 
er  feed— 80  to  1". 

3d  or  4th  speed,  back 
gears  in,  or  60 
F.  P.  M.  Hand  or 
medium  power  feed 
—  80  tor. 


3d  or  4th  speed,  back 
gears  in,  or  60 
F.P.M.  Fine  power 
feed— 140  to  1'. 


2d  speed,  back  gears 
in,  or  25  F.P3f., 
hand  feed. 

2d     speed,     or     175 

F.P.M. 
Speed  lathe,  highest 

speed. 

Vertical  drilling  ma- 
chine, 3d  speed, 
hand  feed.  Tilting 
vise  or  fixture. 


Dog,  holder  and  cut- 
ter or  diamond, 
point  tool,  15^  rake 
calipers,  rule. 

Holder  and  cutter  or 
round-nose  tool- 
oalipezB,  rule. 


Copper  sulphate  or 
chalk,  divider-cali- 
pers or  dividers, 
rule. 

Rule,  dividers,  holder 
and  cutter  or  dia- 
mond-point tool. 


Side  tool,  16*  rake. 


8*  or  10*  mill  bastard 

file,  graver. 
60,    90,    120    emery 

doth,         polishing 

stick,  oil. 
^^    extension    drill, 

i'  X  20      U.  S.  S.. 

pulley  tap,  wrench, 

lard  oil. 
Steel    name    stamp, 

hammer. 
Special  black  paint. 


*  Information.  —  Take  an  equal  amount  of  material  from  each  edge 
of  rim  so  that  the  arms  will  be  approximately  central. 

Important. — Filing,  scraping  and  polishing  are  omitted  on  large 
pulleys  and  rough  work. 

Attention,  —  Power  chuckmg  reamer  may  be  omitted,  as  a  good 
hole  may  be  obtained  with  a  drill  and  hand  reamer. 

When  possible,  place  arms  of  pulley  opposite  chuck  jaws.  The  hand 
tools  may  be  carbon  steel. 


Digitized  by  VjOOQ IC 


432  ADVANCED  MACHINE  WORK 

62.  To  locate  set  screws.  Fig.  41.  —  If  the  boss  is  central 
as  at  A,  drill  body  hole  ,D  in  rim  through  which  to  tap  hole  A, 
and  use  a  cup  or  round-pointed  set  screw.  Where  the  boss  is 
flat  as  at  £  and  placed  at  one  side,  drill  a  body  hole  through 
rim  E.  If  a  body  hole  through  rim  is  objectionable,  hold 
pulley  in  a  tilting  vise  or  fixture  and  drill  and  tap  hole  at 
angle,  as  at  C.    In  large  pulleys  use  two  set  screws  or  key. 

POLISHING  LATHE  WORK 

63.  Use  a  speed  lathe  for  polishing  but  never  an  engine 
lathe  when  it  can  be  avoided,  as  the  gritty  spatterings  injure 
its  bearings.  Make  exception  only  to  work  machined  in  a 
chuck  of  an  engine  lathe  which  must  be  polished  before  it  is 
removed. 

An  effective  polishing  speed  for  emery,  alundum,  car- 
borundum or  aloxite  cloth  is  between  6000  and  6000  iP.P.M.; 
that  is,  surface  speed  of  about  a  mile  a  minute  (5280  feet). 

It  is  not  always  possible  to  obtain  this  high  speed,  as  speed 
lathes  are  usually  belted  for  a  great  variety  of  work,  as  drilling, 
hand  turning,  etc.,  and  their  highest  speed  will  not  give  the 
maximum  polishing  speed  for  small  work. 

On  work  that  is  unbalanced,  it  is  not  desirable,  and  often 
dangerous,  to  polish  at  the  maximum  speed,  as  it  will  shake 
the  lathe  and  the  work  may  fly  off  the  centers.  It  is  best  to 
use  as  high  a  speed  as  the  nature  of  the  work  will  permit,  since 
the  polishing  can  then  be  done  with  less  labor  and  with  less 
tendency  to  destroy  the  truth  of  the  work. 

64.  Order  of  applying  different  numbers  of  emery  cloth. — 
If  the  work  is  carefully  finished,  limited  application  of  60 
and  90  will  produce  an  effective  polish;  and  if  the  work  is 
finished  extra  fine,  90  will  be  sufldcient.  If  a  more  brilliant 
polish  is  desired,  use  120  and  flour.  For  large  work  not  given 
a  fine  finish  it  may  be  necessary  to  begin  with  46  or  54. 

Apply  60  emery  first  with  hard  pressure  until  all  tool 
marks  and  scratches  are  removed  and  the  pores  in  the  metal 
have  nearly  disappeared.  Then  apply  90  emery  with  lighter 
pressure  until  all  evidence  of  60  is  removed.    If  on  applying 
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90,  tool  marks,  deep  scratches,  or  large  pores  appear,  return 
at  once  to  60  emery.  Follow  this  method  in  applying  succes- 
sive grades  of  emery. 

Use  lard  oil  on  the  emery  cloth  or  work,  distributing  it  with 
the  fingers. 

66.  To  polish  flangCi  Fig.  42.  —  Oil  speed  lathe  and  shift 
belt  to  highest  speed.  Press  mandrel  into  flange  A,  which  has 
been  carefully  finished  by  turning,  filing,  and  scraping.  Fasten 
dog  on  mandrel.  Mount  and  adjust  on  centers.  Wrap  a 
strip  of  No.  60  emery  cloth  B  around  end  of  wedge-shaped  soft- 
pine  stick  C.  Drop  a  little  oil  on  emery  cloth  or  flange  and 
distribute  with  fingers.  Start  lathe  and  pivot  stick  on  rest  D 
which  should  be  clamped  from  2^  to  2 J'^  from  the  work. 

Keep  emery  moving  back  arid  forth  slowly  along  the  work 
so  that  the  marks  will  cross  and  recross  each  other,  to  avoid 
cutting  grooves.  Grades  60  and  90  will  produce  a  good  pol- 
ish on  a  flange. 

To  polish  radial  face  of  flange,  clamp  rest  D  parallel  to  face 
and  from  2"  to  2^"  distant.    Apply  emery  cloth  in  same  order 


Fig.  42.  —  Polishing  a  Flangb  in  Speed  Lathe. 

as  on  hub.  Keep  emery  moving  slowly,  advance  and  recede  in 
short  strokes  toward  the  center  to  avoid  cutting  grooves,  then 
recede  in  the  same  order.  To  polish  the*  fillet,  move  emery 
cloth  back  and  forth  in  short  strokes  following  the  curve. 
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66.  To  polish  a  shaft  with  wood  polishing  damp,  AA' 
Fig.  43,  hinged  by  leather  at  end.  —  Oil  speed  lathe  and  shift 
belt  to  highest  speed.  Place  dog  on  shaft  with  copper  under 
set  screw,  and  mount  shaft  on  centers.  Drop  a  little  oil  on 
emery  cloth  or  shaft  and  distribute  with  the  fingers.     Wrap 


Fig.  43.  —  PousmNG  a  Shaft  in  Speed  Lathe. 

emery  cloth  B  around  shaft  C  in  one  fold  only,  and  hold  end 
as  at  D,  to  prevent  it  from  winding  around  shaft.  Apply 
pressure  with  the  left  hand,  and  with  the  right  move  clamp 
back  and  forth  in  short  strokes  along  shaft  so  that  the  marks 
will  cross  and  recross  each  other.  Move  clamp  continuously 
when  in  contact  with  revolving  work,  otherwise  emery  will  cut 
grooves.  Grades  60  and  90  will  produce  a  good  polish  on  a 
shaft. 

67.  To  polish  brass  and  copper,  use  a  finer  emery  cloth  than 
for  steel  or  iron,  as  the  material  is  softer.  Start  with  a  No.  90, 
continue  with  No.  120  flour,  and  crocus  cloth.  If  a  more 
brilliant  luster  is  desired,  the  work  may  be  buffed. 

For  Polishing  and  Bufl^g  with  Wheels  and  Belts,  and 
Lacquering,  see  p.  440. 
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AUention,  —  Use  oil  sparingly  to  avoid  excessive  spatter- 
ing. Do  not  allow  the  emery  cloth  to  slip  off  the  edge  of 
work  as  it  will  rouad  the  comers.  Adjust  mandrel,  or  work 
freely  on  centers,  and  occasionally  loosen  and  oil  dead  center, 
as  the  heat  generated  will  expand  the  work  or  mandrel  and 
bum  off  the  dead  center. 

To  lay  lines  uniformly  after  work  is  polished,  moisten  a 
piece  of  worn  emery  cloth  of  fine  grade  with  oil  (or  oil  the 
work,  distributing  it  with  the  fingers)  and  move  the  emery 
cloth  slowly  along  the  work. 

Importatd.  —  If  holes  are  to  be  drilled  in  a  surface  that  is  to 
be  polished,  polish  the  surface  first  and  drill  the  holes  afterward. 

Warning. — To  avoid  excessive  vibration  of  lathe  when  pol- 
ishing which  may  cause  the  work  to  fiy  off  the  centers^  use  a 
light  malleable  iron  dog. 

CURVE  TURNING  AND  FORMING 

68.  Curve  turning.  —  Small  outside  and  inside  rounds 
(convex  and  concave  surfaces),  ogees  and  other  irregular 
curves  may  be  rough  formed,  as  in  Fig.  44,  with  one  hand 
operating  the  cross  feed  and  the  other  the  long.  feed.    The  tool 


CAST  IRON  OR  BRASS 


Fio.  44.  —  Curve  Turning,  Operatino  Feeds  bt  Hand. 

for  the  inside  round  is  moved,  approximately  to  the  correct 
curve,  repeatedly  from  A  to  JB;  for  the  outside  round,  from 
C  to  D  and  from  C  to  E,  By  moving  one  feed  more  rapidly 
than  the  other,  as  the  curve  may  require,  good  results  may  be 
obtained.    If  the  work  is  slender  or  the  curve  largOi  it  is 
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usually  finished  with  hand  tools  in  the  speed  lathe  (see  Tem- 

plety  p.  437).    If  the  curve  is  small  and  work  stiff,  forming 

tools  may  be  used. 
69.  Forming  tools  for  engine  lathe  work  are  used  for 
forming  duplicate  pieces.  They  may  be 
made  by  milling  or  filing.  If  much  stock 
has  to  be  removed,  rough  form  with  a 
suitable  lathe  tool.  Forming  tool  A, 
Fig.  45|  is  rounding  the  end  of  shaft, 
after  which  it  may  be  filed  and  polished. 
Forming  tools  are  also  used  in  turret 

Fio.45.-FoMiNowrrH  i^thes,  screw  machines  and  planers. 
Forged  Toou  ^q    Forming  cutters  and  holders.  — 

Forming  cutters,  to  fit  thread  tool  holders,  are  obtainable. 

In  Fig.  46,  forming  cutter  A,  held  in  holder  B,  is  forming 

wheel  C. 


Fio.  46.  —  Forming  wrra  Holdbb  and  Cdttbb. 

The  manufacturing  method  of  machining  hand  wheel  rims 
is  to  mill  them  with  a  vertical  milling  machine  or  form  them  in 
a  special  machine  which  carries  a  pointed  tool  mounted  on  a 
turn  table  around  the  curve.    See  pp.  l27,  SOO,  1265-1275. 
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MAKING  FORMED  BfACHINE  HANDLES 

71\  Single  handles  are  made  as  outlined  in  Figs.  47,  48, 
49.  When  manufactured  in  quantities,  they  are  drop-forged 
to  shape  or  made  from  bar  stock  with  a  forming  tool  in 


Fio.  47.  — CuBVB  Turning  wtfh  Hand  Tools.    Tbstinq 

WITH  TBMPLBfT. 


Fio.  48.  —  FmiSHiNa  Formed  Handle  with  Hand  Tools. 
Overhead  Turning. 

a  turret  lathe.    By  either  of  the  latter  methods,  they  require 
but  a  small  amount  of  hand  finishing. 

72.  Templets  of  sheet  brass  or  steel,  E,  Fig.  47,  are  used 
for  duplicate  work,  serving  as  a  pattern  or  guide  to  uniform 
production. 
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They  are  lined  out  from  specifications  on  the  drawing,  and 
are  rough  cut  by  chipping,  or  with  shears,  and  finished  by 
filing.  Templets  are  used  as  guides  when  rough  turning  or 
planing,  and  for  careful  tests  when  finishing. 

73.  To  make  a  formed  machine  handle  to  templet,  Fig.  49. 


Fio.  49.  —  ScHBDULB  Drawing  of  Machinb  Handlb. 


Spedficatioiis:  Material,  machine  steel  iV'to  i' large;  weight,  15  oz. 

Hardness,  15  to  16  (sclerosoope). 

True  live  center.    Set  dead  center  in  approximate  alinement. 

Lard  oil  may  or  may  not  be  used  in  squaring  and  turning  steel  or 

wrought  iron.    Carbon-steel  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  lathe, 

6  min. — Center  and  square,  10  min.  —  Rough  turn,  10  min. — 

Rough  form,  10  min.  —  Finish  with  hand  tools,  30  min.  —  File  and 

polish,  14  min.  —  Clean  lathes,  5  min. — Total,  1  h.  30  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS. 


Oprrations. 


liACBDncs,  Spesds, 
Fbedb. 


Tools. 


FUe  ends  flat. 
Center,  (1),  (»). 


Rough  square,  (S),  (4)  toS^". 
See  Step  Method  of  Rough 
Squaring,  p.  8oi. 


Vise. 

Centering      machine. 

DriU,  1250  RJ^.M. 

Countersink,      700 

R.P.M. 
Engine  lathe,   12  to 

16'.  2d  speed,  or  35 

F.P.M.   Hand  feed. 


FUe. 

A'  drill,  60**  counter- 
sink, lard  oil. 


Dog,    side    tool,    35<* 
nke,  calipers,  rule. 
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Reoenter.   Omit  finish  square. 

Rough  turn   (5),   ^'  large. 

One  cut.    Turn  one-half  of 

length,  reverse  and  turn  the 

other  half. 
Rough  turn   (6),   A'  large. 

One    cut.    Turn    (6').    to 

about  ly  from  end. 
Hold  m  viae  and  mark  lines  1' 

from  each  end  at  (A)  and 

(B). 
Rough  turn  (7),    A'    large. 

Two  or  three  cuts. 

Rough  turn  convex  parts  (8), 
(9),  and  concave  part  (10), 
several  cuts.  Operate  both 
feeds  in  combination,  by 
hand,  and  test  with  templet, 
as  at  E,  Fig.  47. 

Rough  turn  with  graver,  (11), 
(12).  See  A  and  A\  Fig. 
47.  Test  often  with  tem- 
plet. 

Rough  turn,  (18).  See  B, 
Fig.  47.  Test  with  templet 
and  calipers  at  diameters 
^  and  1'. 

Fhiish  turn,  (14),  (15).  See 
C,  Fig.  48. 

Finish  turn,  (16).  See  D, 
Fig.  48. 

Finish  turn,  (17). 


Rough  and  finish  turn,  (18). 
Copy  the  reverse  curve  (the 
ogee)  as  accurately  as  can 
be  determined  by  the  eye, 
or  make  a  templet  from 
specifications  or  curve  on 
(Rawing.    See  p.  487. 

File,  (18)  and  (16) 


Ist  or  2d  speed,  or  35 
F.P.M.  Medium 
power  feed  —  80  to 


Vise. 


3dspeed,or35F.P.M. 

Medium  power  feed 

—  SOtol*. 
2d  or  3d  speed,  or  50 

F.PJif. 


Speed  lathe,  8  to  12*, 
2d  speed,  or  150  or 
F.P.M. 


3d     speed,     or     225 
FJ».M. 


Engine  lathe,  12  to 
16',  3d  speed,  or 
50  FJPJU.  Bine 
power  feed  — 140 
tol*. 

Speed  lathe,  3d  speed, 
or225FJ>.M. 


Polish,  (18). 


Speed  lathe,  highest 
speed. 


Diamond-point  tool, 
or  holder  and  cut- 
ter, 35^  rake,  cali- 
pers, rule. 


Copper   sulphate, 
scriber,  rule. 

Calipers,  rule. 


0>pper  under  set 
screw  of  dog,  dia- 
mond-point tool,  or 
holder  and  cutter, 
35*  rake,  templet. 

Oraver. 


Round  -  nose  hand 
tool,  templet,  cal- 
ipers, rule. 

Graver,  templet,  cali- 
pers, rule. 

Roimd  -  hand  tool, 
templet,  calipers, 
rule. 

Diamond-point  tool, 
or  holder  and  cut- 
ter 35''  rake,  cali- 
pers, rule. 


Graver,   round  • 
hand  tool. 
Use  two  pieces  of 
copper  unde^  No.  2 
damp  dog. 


5*   to  8*  half-round 

smooth  file. 
60,  90,  120  and  flour 

emery    cloth    and 

stick,  oil. 
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Foe,  (14)  and  (15). 

Polish,  (14)  and(15). 
Stamp  name  or  initials,  (19). 


(FQe  off  burr.) 


3d    speed,    or     176 
F.PJi. 


Vise. 


S^tolCTmill  bastard 
file. 

Steel  name  stamp, 
hammer,  copper 
jaws. 


Atteniion.  —  Part  17  is  usually  fitted  to  a  hand  wheel,  or  other 
machine  part,  by  a  forcing  or  threaded  fit;  if  so,  operation  17  is  omitted 
to  allow  the  desired  fit  to  be  made  later. 

Note.  —  The  machine  handle  may  be  finished  with  graver  and  round- 
nose  hand  tool  used  horizontallyi  as  in  Fig.  47,  or  with  graver  and 
round  hand  tool,  by  overhead  turning,  as  in  Fig.  48. 

POLISHING,  BUFFING,  AND  LACQUERING 

74*  Polishing  and  buflbig  with  wheels  and  belts.  —  The 

term  polishing  is  applied  to  the  production  of  surfaces  of  the 
ordinary  degree  of  finish;  and  buffing,  to  the  production  of 
brilliant  lustre.  These  methods  are  employed  upon  castings 
and  forgings  which  require  lustre  rather  than  accuracy;  and 
on  work  of  irregular  outline,  as  automobile  and  bicycle  partSi 
electrical  instruments,  silverware  and  nickel-plated  work. 
The  polishing  is  done  on  felt  wheels  and  canvas  belts  to  which 
emery  is  glued. 

Buffing  is  done  on  cloth  wheels  of  cotton  or  muslin  charged 
with  flour  of  emery,  crocus,  tripoli,  rouge,  etc.,  according  to 
grade  of  lustre  desired.  The  work  is  held  with  the  hands  and 
brought  against  the  revolving  wheel  or  belt,  moved  and 
turned,  changing  from  a  coarse  to  a  finer  wheel  and  so  on, 
and  then  continued  on  the  buffing  wheels. 

75.  Lacquering  is  coating  highly  polished  useful  and  orna- 
mental articles  of  silver,  brass,  bronze,  etc.,  with  a  liquid 
called  lacquer  to  prevent  them  from  tarnishing  or  oxidizing. 
Some  lacquers  are  transparent,  others  are  colored,  according 
to  the  shade  desired  upon  the  work.  To  lacquer,  clean  work 
by  wiping  or,  preferably,  by  dipping  in  a  solution  of  potash 
and  apply  lacquer  with  a  brush.  Some  work  is  dipped  in  a 
tank  of  lacquer.    See  Principles  of  Machine  Work. 
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SECTION  6 

LATHE  WORK 

Inside  Calipers  and  Inside  Micrometers.    Boring  and  Inside  Threading. 

Square  Threads.  Acme  Standard  or  29^  Threads.  Multiiile  Threads. 

Brass  Finishing.    Alinement  Drilling  and  Tapping. 

Drilling,  Tapping  and  Hand  Threading  In 

Speed  Lathe.    Broaching  Holes, 

Keyways  and  Slots. 

INSIDE  CALIPERS  AND  INSIDE  MICROMETERS 

1.  To  set  inside  calipers,  fig.  1.— ^Hold  rule  A  perpen- 
dicularly against  carriage  B.  Place  calipers  C  with  point  at  D, 
and  adjust  nut  E  until  other  point  coincides  with  middle  of 
line  F. 


Fia.  1.  —  SETTiNa  Inbidb  Calipbrs. 

Another  method  is  to  set  calipers  to  a  standard  ring  gage, 
or  to  a  hole  of  the  desired  diameter  in  any  piece  of  work. 

SL  To  measure  diameters  of  holes  with  inside  calipers. — 
Work  to  be  measured  may  be  held  in  any  position  on  the  bench, 

5oi 
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in  vise  or  chuck.  To  measure  work  G,  Fig.  2,  in  chuck  -ff, 
set  calipers  K  to  size  and  insert  point  M  in  the  lower  side 
of  hole,  and  steady  with  finger  while  a  gentle  effort  is  made  to 


FiQ.  2.  —  MsASURiNa  with  Inside  Calipbbs. 

insert  point  N,  pivoting  calipers  on  point  M  by  raising  and 
lowering  the  outer  end;  also  move  point  N  to  right  and  left  to 
locate  maximum  diameter. 

3.  To  adjust  the  tool  to  bore  a  hole  to  diameter  to  which 
insidecalipers  are  set—  Take  trial  cuts  and  test  frequently  with 
calipers.    See  pp.  604, 605. 

4.  Small  inside  micrometer  calipers.  Figs.  3,  4  and  5,  are 
obtainable   in   two    sizes,    one   measuring   from   two-tenths 


.2S2' 


FiQ.  3.  —  Measuring  with  1'  Inside  Micrombtbh. 

of  an  inch  to  one  inch,  and  the  other  from  one  inch  to  two 
inches. 
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Except  that  the  barrels  are  figured  from  right  to  left,  they 
are  similar  to  outside  micrometers  having  40  threads  to  the 
inc^. 

The  reading  of  the  one-inch  micrometer  in  Fig.  3  equals 
10  X  -025  -  .250^  +  .002  -  .252-^  or  i^  +  .002-^. 


FiQ,  4.  —  Mbasxtring  Borb 
OF  BusmNG. 


FiQ.  5. —  Mbasurinq  with 
2^  Insidb  Micrometer. 


In  Rg.  4  a  two-inch  micrometer  is  shown  as  used  to  measure 
the  hole  in  bushing  A. 

Solid  jaw  B  is  placed  against  the  lower  wall  of  hole. 

Sliding  jaw  C  is  moved  against  the  upper  wall  of  hole  by 
turning  thimble  D  to  right.  The  hole  is  bored  out  with  a  bor- 
ing tool  (see  pp.  604,  605)  until  the  two-inch  micrometer  reads 
2  X  .025'^  =  .050''. 

I''  +  .050^  —  1.060^  diameter  of  bore  of  bushing,  as  in 
Kg.  5. 

6.  Large  inside  micrometer  caliper.  —  Fig,  6  consists  of 
barrel  A  graduated  into  40  divisions  to  the  inch,  thimble  B 
graduated  into  25  divisions,  attached  to  a  screw  having  40 
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threads  to  the  inch,  passing  through  a  nut  in  end  of  barrel  A. 
The  screw  has  a  movement  of  half  an  inch.  Measuring  point 
C  is  fixed  to  the  thimble,  but  measuring  point  or  rod  D  is 
held  in  chuck  E  and  clamped  by  nut  F  and  is  removable  in 


Fig.  6.  —  MBASuaiNa  Borb  of  Ctlindbb  with  Large  iNsma 

MiCROMBTER. 

order  to  insert  extension  rods,  a  number  being  supplied  vary- 
ing in  length  by  half  an  inch  (^^),  one  being  shown  at  O. 
Adjustment  for  wear  on  rods  is  provided  by  adjusting  nuts 
H,  Fig..  6  shows  how  the  micrometer  is  used  to  measure  the 
bore  of  a  cylinder.  The  net  length  of  micrometer  is  3^^  and  the 
reading  is  3.200"  +  2  X  .025  «  3.250''. 

BORING  AND  INSmE  THREADING 
6.  Boring  tools.  —  Fig.  7  shows  a  forged  boring  or  inside 
turning  tool.     Cutting  edges  A  and  B  must  be  shaped  with 
accuracy.    The  point  is  rounded  slightly  in  order  to  make  it 


.5 


TOP  VIEW 


'a 


\ 


•IDE  VIEW 


Fig.  7.  —  Forged  Boring  Tool. 

cut  smoothly,  and,  also,  not  dull  quickly;  if  rounded  too  much, 
the  tool  will  spring  away  from  the  cut,  or  chatter.    See  Charts, 

pp.  l27,  SOQ. 
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7.  To  set  and  use  boring  tool  in  lathe.  —  Fig.  8. 


FiQ.  8.  —  Boring  in  Enginb  LiiTHa. 


SCHEDULE  OF  OPERATIONS 


1.  True  up  oored  work  C  in 
diuck  D  and  face  front  end. 

2.  Set  tool  E  height  of  dead 
center  J  as  at  H',  reverse  tool 
and  post  F  into  position  parallel 
to  ways  of  lathe  and  clamp 
tightly  on  Q, 

3.  Run  tool  in  length  of  hole 


to  see  that  shank  clears  walls, 
also  chalk  top  of  tool  to  show 
length  of  hole. 

4.  Rough  bore  hole  and  caliper 
frequently. 

5.  Take  two  or  three  light 
finishing  cuts  to  leave  hole  smooth 
and  true.    See  pp.  601-503. 


Speed  for  boring.  —  Use  same  cutting  Gfpeed  for  boring  or  inside 
turning  as  for  outside  turning,  see  pp.  145-148. 

AUeniUm.  —  A  method  sometimes  used  to  bore  a  straight  and 
sqiooth  hole  is  to  take  a  light  finishing  cut  inward,  then  reverse  the 
feed  and  let  the  tool  cut  outward. 

Note.  — While  a  boring  tool  will  cut  satisfactorily  if  set  at  height  of 
centers,  as  H'^  Fig.  8,  still  the  tool  will  cut  better  if  set  hdow  the 
centers,  the  amount  increasing  with  the  diameter  of  the  hole,  as  is 
inversely  true  with  outside  turning  tools.    See  pp.  133,  l34. 

This,  however,  is  not  always  possible,  especially  in  small  holes  as 
the  sise  of  tool  will  not  allow  sufficient  clearance  and  wiU  cause  it  to 
ride  on  the  wall  of  the  hole,  which  must  be  avoided. 

8.  Squaring  of  an  inside  shoulder  with  the  tool  K,  Fig. 
9.  L  is  a  section  taken  at  MN.  The  rounded  point  of 
a  boring  tool  leaves  a  fillet  at  the  termination  of  the  cut  and  ii 
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a  square  shoulder  is  desired  an  inside  squaring  tool  is  used  to 
remove  the  fillet  and  square  the  shoulder  by  cutting  to  or  from 
the  center. 


^ 


M 

4= 


L 
I 


-F 


Fio.  9.  —  Insidb  Squabing  Tool. 

9.  Boring  holders   and   cutters    are    used    in   the    same 
manner  as  a  forged  tool.     A^  Fig.  10,  shows   holder   and 

double-end  cutter  rough  boring 
a  cored  hole,  B,  in  work  C. 
For  inside  squaring  a  special  cap 
is  supplied  which  holds  the  cutter 
at  an  angle  of  45^  as  at  D.  See 
No.  20,  Chart,  p.  S09. 

Atff,  Fig.  11,  a  right-bent  out-  Borino  and 
side  holder  and  cutter  is  shown  ^  Facing  with 
used  as  a  boring  tool  and  for  BemtHolder 
squaring   and  facing  as   at   F.      ^^^^  Cdttbr. 

For  boring  long  holes  it  is  more  practical  to  use  drills,  boring 

bars,  boring  heads,  etc. 

10.  Inside  threading  tools.  United  States  Standard  or  Sharp 
V  threads.  —  Fig.  12  shows  point  of  inside  threading  tool.    It 


FiQ.  10.  — 

BORXNG  AND  IN- 
SIDE Squaring 
WITH  Holders 
AND  Cutters. 


m 


Fio.  11  — 


f 


t 


\ 


Fig.  12.  —  Inside  V-THREADiNa  Tool. 

may  be  ground  as  at  A  and  B  for  United  States  Standard  or 
Shaip  V  threads.  It  is  similar  to  a  boring  tool.  See  No.  34, 
Chart,  p.  127. 
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The  method  of  setting  an  inside  United  States  Standard  or 
Sharp  V-threading  tool  at  right  angles  to  the  work  is  shown 


Pia.  13.  —  Sbttinq  United  States  Standard  or 
Sharp  V-Thrbadinq  Tool  with  Center  Gage. 

in  Fig.  13.     Work  C  is  held  in  chuck  D  and  is  bored  to  size 
and  end  rough  and  finish  squared.    Tool  E  is  then  set  to 
gage  F. 
11.  To  cut  an  inside  thread  in  lathe.  —  Fig.  14. 


Fio.  14.  —  Inside  Threading  in  Engine  Lathe. 
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SCHEDULE  OF  OPERATIONS 


1.  True  up  work  G  in  chuck 
Hf  square  end  and  bore  hole  about 
A'  larger  than  root  diameter  of 
screw  that  it  is  to  fit.  See  Table 
of  Tap  Drills,  Principlea  of  Ma- 
chine  Work,  and  Threading,  p.  818. 

2.  Assemble  holder  J,  cutter 
bar  K,  threading  tool  L,  which 
should  be  ground  to  fit  thread 
gage,  and  damp  in  tool  post  M 
supported  by  blocks  N  and  N^ 
in  tool  block  P. 

Adjust  tool  to  height  of  center, 
set  by  gage  F,  Fig.  13,  and 
damp  bar  and  cutter  firmly  by 
screw  Q  and  cap  R. 

3.  The  cutter  may  be  removed, 
regroumd  and  reset  to  resume  its 
cut  by  means  of  cap  R. 

4.  Clamp  thread  stop  S  to 
slide  T  by  screw  U  and  adjust 
feed  of  tool  by  rotating  nurled 
head  W  which  is  fast  on  screw  V. 

6.  Rough  thread  with  cuts 
from  .003'  to  .004''  nearly  to  si2se. 
Finish  thread  with  cuts  from  .001' 


to  .002'  until  thread  fits  screw, 
as  follows: 

Set  outside  calipers  to  the  out- 
side of  the  thread,  then  transfer 
setting  to  inside  calipers  or  to  a 
wire  filed  to  fit  outside  calipers, 
and  pointed  at  each  end  more 
acute  than  the  thread.  Cut 
thread  slightly  smaller  than  inside 
calipers  or  wire,  then  test  it  with 
the  screw. 

If  work  is  to  fit  a  lathe  spmdle 
or  other  work  that  cannot  be 
removed,  take  chuck  and  work 
from  lathe,  clean,  oil,  and  try  on 
the  screw.  If  it  does  not  fit 
take  another  light  cut,  and  so 
on  until  desired  fit  is  obtained. 

Attention. — If  work  is  cast  iron, 
thread  dry;  if  steel  or  wrought 
iron,  use  lard  oil. 

Use  oil  for  all  materials  when 
fitting  to  screw  or  work  may 
seize  screw  and  have  to  be  split 
off,  thereby  destroying  work  and 
possibly  the  screw. 


12.  To  finish  tap  the  back  plate  of  a  chuck.  Fig.  15.  — 
When  cutting  an  accurate  thread  such  as  that  in  a  back 
plate,  A,  of  a  chuck  or  face  plate  of  a  lathe,  it  is  best,  if  a 
suitable  tap  is  available,  to  cut  about  three-quarters  of  a  full 
thread  with  a  threading  tool,  then  finish  tap  as  in  Fig.  15. 
Clean  and  oil  thread  and  tap  and  place  tap  wrench  B  on  tap 
C,  and  mount  on  dead  center  with  tap  in  thread.  Start  tap 
carefully  so  that  it  will  follow  the  thread  already  cut  and  not 
split  and  destroy  it.  Pull  belt  D  by  hand  and  follow  tap  with 
dead  center  with  handle  E.  To  back  out  tap,  unclamp  foot- 
stock  and  run  lathe  backward  by  hand  or  by  power.  Then 
square  up  end  F  and  bore  out  about  two  threads,  as  at  (?,  to 
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permit  screwing  plate  to  shoulder  on  nose  of  spindle  or  on 
a  mandrel  to  be  machined. 

13.  Interrupted  thread  tap,   Fig.  15.  —  Instead  of  using 
adjustable  tap   C,  with  regular  thread,  preferably,  use  an 


KNQINE  LATHK— QEAR  HEAD8T0CK 

D- 


TAP 

H 


Fig.  15.  —  Finishinq  Thrbad  with  a  Tap. 

interrupted  thread  tap,  as  at  H,  which  is  obtainable.  This 
tap  requires  less  power  to  drive  it.  Every  other  tooth  is  cut 
away.  The  teeth  of  each  land  follow  in  the  spaces  of  the  land 
preceding  as  shown  by  arrows  /  and  K. 

14.  Engine  lathe,  gear  headstock,  Fig.  15,  shows  an  en- 
gine lathe  equipped  with  a  gear  speed  change  located  in  the 
head  in  place  of  the  cone  pulley.  The  different  speeds  and 
positions  of  the  levers  L  and  M  to  obtain  them  are  given 
in  a  table  at  N. 

Attention.  —  Some  all-gear  headstock  engine  lathes  have  a 
variable  speed  countershaft  to  give  a  still  greater  variety  of 
speeds. 

This  lathe  is  also  equipped  with  a  rapid  change-gear 
mechanism  for  feeds  and  threads.  In  a  table  at  P  are  given 
the  different  threads,  and  positions  of  the  levers  Q,  R,  and 
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S,  to  obtain  them.    The  feed  is  usually  two  to  four  times 
threads  per  inch. 
16.  To  cut  right  inside  thread  to  shoulder.  —  Fig.  16. 


Fio. 


16.  —  CumNa  Insidb  United  States  Standard  or  Sharp 
V  Thread  to  a  Shoulder. 

SCHEDULE  OF  OPERATIONS 


1.  Work  A,  held  in  chuck  B, 
is  bored  to  correct  diameter  and 
depth. 

2.  Cut  groove  C  to  full  diam- 
eter of  thread  with  inside  form- 
ing tool. 


3.  Mark  line  E  with  chalk  to 
indicate  when  tool  D  reaches 
groove. 

4.  Cut  thread  to  desired  depth. 


16.  To  cut  a  left  inside  thread  to  a  shoulder,  or  any  portion 
of  the  hole  less  than  its  entire  length,  cut  groove  as  at  C,  Fig. 
16,  from  which  start  tool  outward,  and  make  a  mark  at  £  to 
know  when  to  adjust  the  tool  forward  into  groove  preparatory 
to  starting  to  cut  outward. 

SQUARE  THREADS 

17.  Square  threads.  Fig.  17,  right  or  left,  are  used  for  screws  to 
transmit  motion,  as  the  cross  feed  and  lead  screws  of  an  engine 
lathe,  valve  stems,  presses,  rock  drill  feed  screws,  etc.  They  can- 
not be  cut  successfully  with  dies,  or  milled  with  a  thread  milling 
machine.    See  Acme  Standard  or  29°  Threads,  pp.  621-631. 
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The  thickness  of  thread  and  width  of  space  are  each  nomi- 
nally one-half  the  pitch.  The  depth  is  one-half  pitch  plus 
the  clearance.  The  fit  is  on  the  sides  of  the  thread  with 
clearance  top  and  bottom.  A  larger  clearance  is  advisable  for 
large  diameters  and  coarse  pitches. 


9  tHM.  TO  1  IH. 


Fig.  17.  —  Sectional  View  of  Square  Thread  Screw  and  Nttt. 


NAMES  OF  PRINCIPAL  PARTS  OF  SQUARE  THREAD 


C,  —  Pitch. 

D,  —  Diameter  standard. 

E,  —  Root  diameter  (which  is 
also  root  diameter  of  tap). 

F,  —  Diameter  of  bottom  of 
nut  (which  is  also  diameter  of 
tap). 


G.  —  Bore  of  nut. 

H  and  H\  clearances;  same  for 
all  pitches.  H  made  by  cutting 
the  thread  .005'  deeper  than  J  P. 

H'  made  by  making  tap  .01'' 
larger  in  diameter  than  D, 


18.  To  obtain  parts  of  Square  thread. — 
\Wdth  of  tool  for  screw  thread  =» 

1 


No.  of  threads  per  inch 
WiAth,  of  tool  for  tap  thread  — 

1 

No.  of  threads  per  inch 


4-2. 


-^2- 
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.0005^  for  each  linear  inch  of  nut  for  shrinkage  of  tap. 
Diameter  of  screw     =  any 
Diameter  of  tap         =  diameter  of  screw  +  .010^ 
Diameter  of  screw  or  tap  at  root  of  thread  =« 
diameter  of  screw  — 

jt-tu — i -— u  +  •OlO''. 

No.  threads  per  mch 

Diameter  to  bore  nut  =  diameter  of  screw  — 


No.  of  threads  per  inch 

Clearance  =»  .005'^,  top  and  bottom  of  thread. 

19.  Table  of  Square  threads.  —  While  any  pitch  may  be 
assumed,  it  is  best,  when  it  will  answer  the  purpose,  to  use 
whole  numbers  of  threads  per  inch  as  near  as  possible  to 
three-quarters  of  the  United  States  Standard  thread.  See 
p.  823. 


Diameter. 

Threads 
Per  Inch. 

Diameter.' 

Threads 
Per  Inch. 

10 
9 
8 
7 

1' 

2r 

6 
5 

4 
3 

20.  Square  threading  tool,  Fig.  18. 


-'T 


FiQ.  18.  —  OxjTsroB  Square  Threading  Tool. 

A,  top  face,  B,  side  view  partially  rotated,  and  C,  end  view. 
DE  and  FO  inclined  to  line  QR  to  give  clearance. 
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H  M      K 

Fig.   19.  —  Making    a   Templet  and  Setting  Gage  to   Angle  or 
Inclination  for  Square  Threading  Tool. 


Inclination. 

1.  Pile  edge  HK,  true. 

2.  Draw  KL  at  90°  to  HR. 

3.  Make  KL  equal  to  circum- 
ference at  root  of  thread. 

4.  Make  MK  equal  to  pitch. 


Fig.  19. 

5.  File  to  LM  which  gives 
inclination  of  thread  and  use  as 
a  templet  to  test  tool  or  omit 
filing  and  set  angle  gage  (/«  Fig. 
19,  to  angle  LM  as  at  V. 


|?«TinTTTTiT?nmnT3?|!in;n| 


Fig.  20.- 


L -£!./:> 


-Testing  Incunation  of  Square  Threading  Tool 
WITH  Angle  Gage. 


To  File  Tool. 

1.  File  bottom  of  tool  flat,  and 
end  square  as  in  Fig.  18.  File 
sides  with  an  8*  or  10*  hand 
smooth  file  and  8*  dead  smooth 
file  to  give  inclination,  clearance, 
and  size. 

2.  Test  tool  with  gage  (/  as  at 
X  and  X'y  Fig.  20,  or  with  sheet 


Fig.  20. 

metal  templet  F,  as  in  Fig.  19. 

3.  Measure    with    micrometer 
calipers. 

4.  Harden  and   temper  to  a 
straw  color. 

5.  Grind  on  end  and  a  little  on 
top. 

Do  not  grind  on  sides. 


Attention.  —  The  amoimt  of  inclination  varies  with  different  pitches 
and  diameters,  but  with  a  generous  side  clearance  one  tool  will  do 
for  several  diameters.     The  tool  is  parallel  from  O'  to  P,  Fig.  18. 


Digitized  by  VjOOQ IC 


514  ADVANCED  MACHINE  WORK 

For  very  coarse  pitches  tool  is  narrower  at  P  than  at  (y.  For  fine 
pitches  top  face  A  is  ground  horizontal;  for  coarse  threads  it  is  ground 
on  line  ST  at  right  angles  to  line  QR, 

Note,  —  The  tool  may  be  forged  and  ground  to  the  proper  angle 
with  a  universal  tool  grinder,  see  Principles  of  Machine  Work,  then 
hardened  and  tempered,  regroimd  and  the  filbg  omitted. 

22.  An  outside  Square  threading  holder  and  cutter  is  shown 
at  A  and  B,  Fig.  21.  Holder  C  supports  cutter  D.  Clamp  E 
and  bolt  F  fasten  cutter  to  holder  and  hold  different  widths  of 


B 
Fid.  21.  —  Outside  Square  Threading  Holder  and  Cutter. 

cutters.  Cutter  is  ground  upon  end  G  only.  Roughing  and 
finishing  cutters  are  used  for  coarse  threads.  End  H  is  for 
left  threads. 

23.  Method  of  setting  outside  Square  threading  tool. — 
Fasten  tool  A,  Fig.  22,  in  tool-post  lightly  and  adjust  to 
height  of  dead  center.     Mount  screw  blank  B  on  centers. 


SCREW    tLANK 

B 

JUi|l|lliH|i|l|i|l|»ll|<lt|Mi 
Liliiiililliiii, 

RULC 
TOOL 

-A 


1 


Pig.  22.  —  Setting  Square  Threading  Tool  wtih 
Steel  Rule. 

Place  steel  rule  C  against  blank  parallel  to  axis  and  rap 
tool  until  parallel  to  end  of  rule,  testing  from  both  sides  as 
at  C  and  C\     Fasten  tool  firmly. 
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34.  An  inside  Square  threading  tool.  Fig.  23,  is  used  for  cut- 
ting inside  threads.  The  blade  AB  is  inclined,  shaped  and 
sized  to  suit  thread  to  be  cut  in  the  same  manner  as  the  outside 
Square  threading  tool,  Fig.  18,  p.  6l2.    Inside  Square  threads 


f 


TOP  View 


^ 


\. 


Fig.  23.  —  Inbidb  Square  Tbrbadinq  Tool. 

are  cut  also  by  inserting  properly  shaped  cutters  in  boring  tool 
holders.    See  No.  23,  Chart,  p.  309. 

26.  Method  of  setting  inside  Square  threading  tooL  — 
Nut  blank  C,  Fig.  24,  is  held  in  chuck  Z>.  End  E  is  faced 
and  hole  bored  to  size.  Place  tool  0  in  tool-post  and  adjust 
to  height  of  dead  center  (see  No.  2,  p.  605)  and  fasten  lightly 


Fig.  24.  —  Siciting  Insidb  Square  Threading  Tool. 

in  approximate  position.  Hold  rule  F  against  end  E  and 
rap  tool  until  blade  of  tool  is  parallel  with  rule.  Then  clamp 
firmly. 
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26.  Roughing  tool.  —  For  Square  threads^  five  pitch  or 
coarser,  use  a  roughing  tool  .OW  less  in  width,  0,  Fig.  18, 
than  finishing  tool. 

27.  Square  thread  tap  1^^  diameter,  5  threads  to  1^, 
Fig.  25,  is  used  to  tap  both  loose  and  fixed  nuts.  Loose  nuts 
are  usually  rough  threaded  in  the  engine  lathe  with  an  inside 
Square  thread  roughing  tool,  Fig.  23,  then  finish  threaded  with 
one  or  more  taps. 


t^*       .^M.>i»innH«innnniiMiiiiiiiiiiimiiiiiiK 


Fig.  25.  —  Square  Thread  Tap,  1^  x  5. 

For  fixed  nuts  such  as  parts  of  machine  frames,  one  or  two 
roughing  taps  are  used,  followed  with  the  finishing  tap. 

They  are  made  without  a  leader  as  at  -4,  Fig.  25,  or  with 
plain  or  threaded  leaders.  A,  Fig.  33.  See  Alinement  Drill- 
ing and  Tapping,  p.  638. 

The  diameter  is  made  one-hundredth  of  an  inch  larger  than 
the  screw  for  clearance.  The  root  diameter  is  the  same  as  the 
screw.    See  pp.  6ll,  5x2. 

Shank  B  is  made  about  one-hundredth  of  an  inch  smaller 
than  the  bore  of  the  nut. 

These  taps  cannot  be  obtained  commercially,  but  must  be 
specially  made. 

28.  To  cut  a  Square  thread  screw,  Fig.  26. 


a. 


©Mi 


8TOCK 
MACHINE  STEEL 


Fig.  26.  —  Schedule  Drawino  of  Square  Thread  Screw. 
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Spedflcatioiis:  Material,  machine  steel  A^  large;  weight,  3  lb.  8  oz. 
For  heat  treatment  see  Principles  of  Machine  Work. 
Hardness,  14  to  16  (scleroscope). 

True  live  center.    Set  dead  center  in  approximate  alinement. 
Kgh-speed  steel  or  stellite  cutting  tools. 
Time :  Study  drawing  and  schedule  in  advance,  5  min.  — 
Oil  lathe,  4  min.  —  Prepare  screw  blank,  1  h.  5  min.  — 
Rough  and  finish  thread  and  fit  to  nut,  1  h.  10  min.  —  (All  tools 
furnished.)  — 
Clean  lathe,  3  min.  — Total,  2  h.  27  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND    TOOLS 


Opxbationb. 

Machines,  Speeds, 
Feeds. 

Tools. 

Center. 

Centering  machine. 

A'  drill,  60*  counter, 
sink,  lard  oU. 

Rough  square,  (1),  (a). 

Engine   lathe,   12"  to 

Dog,    side     tool     or 

16*.   2d  or  3d  speed, 

holder   and   cutter 

or60F.P.M.    Hand 

36**  rake,   calipers. 

or  power  feed. 

rule. 

Reoenter. 

Speed  lathe,  driU,  4th 
speed;    countersink 
3d  speed. 

Fxniah  square,  (1),  (3). 

Engine  lathe,  3d  or  4th 
speed  or  80  FJP.M. 
Hand  or  power  feed. 

Rough  turn  ^^  large,  (S), 

one 

1st  or  2d  speed,  or  60 

Diamond-point     tool 

cut. 

FJP.M.        Medium 

or  holder  and  cut- 

power feed  —  80  to 

ter,  35»  rake,  cali- 

1'. 

pers,  rule. 

Set  dead  center  in  aoourate 

3d  or  4th  speed  or  80 

Dog,      copper,     dia- 

alinement to  turn  straight 

F.P.M.  Fine  power 

mond-point       tool 

trial 

feed— 140  to  1'. 

or  holder  and  cut- 

piece   the    same    length. 

ter,  36""  rake,  mi- 

See pp.  lift.  Il7. 

crometer. 

Blniah  turn  1.26'+ .003^ 

(4). 

3d  or  4th  speed,  or  80 

Copper      under      set 

F.P.M.  Fine  power 

screw  of  dog,  dia- 

feed — 140  tor. 

mond-point  tool  or 
holder  and  cutter, 
36**  rake,  microm- 
eter. 

FUe  1.26"  +  .OOr,  («). 

4th  or  6th  speed,  or 

S'  or  lO'  mill  bastard 

176  F.P.M. 

file. 

Polish  1.25',  (5). 

Speed   lathe,   highest 

60     and     00     emery 

speed. 

doth,  polishing 
clamps. 

Or  rough  turn  .01'  laiige, 

and 

See  Cylindrical  Grind- 

grindi  after  threading. 

mg  Machine,  p.  701. 
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Opbbatxomb. 


Machinss,  Spbeds, 

FbbD6. 


Drill  hole,  (6). 


Qri&d  square  thread  roughing 
tool. 

Set  tool  (see  p.  5l4)  and  thread 
stop,  arrange  lathe  for  5 
threada.  Pull  belt  down- 
ward to  take  up  back-lash, 
loosen  set  screw  of  dog 
and  adjust  shaft  until  tool 
terminates  in  hole,  (6). 
Tighten  set  screw. 

Rou^  thread  to  1.04*  +  .01', 
(7),  twenty  cuts  .006*  each. 
Depth  of  thread  .100*. 

Set  finishing  tool  to  out  on 
both  sides  of  groove  by 
loosening  dog,  adjusting 
shaft  and  testing  cut  at  end 
thread.    Tighten  set  screw. 

Finish  thread  to  1.04*,  (8), 
twenty  cuts  .005*,  two  outs 
.002*,  one  cut  .001*.  Depth 
of  thread  .105*. 

Turn  off  thick  end  thread,  (9), 
and  smooth  thread  with  file. 


File  top  of  threads  to  remove 
burr. 

File  sides  of  thread  slightly  if 
needed  to  make  the  fit  easier. 
(Preferably  with  file  and 
speed  reversed.) 


Speed  lathe,  drill 
chuck,  3d  or  4th 
speed,      or      1000 


Engine  lathe.         1st 
speed,  or  25  F.P.M. 


Ist     speed,     or     25 
F.P.M. 


2d  or  3d  speed,  or  50 
F.PJC.    Hand  feed. 


4th  or  5th  speed,  or 
175  F.P.M. 

Istspeed,  or  10  F.P.M. 


TooiA. 


Center  punch,  A' 
straight  shank  twist 
drill,  V  center,  depth 
gage,  lard  oil. 


Forged  Square  thread 
roughing  tool,  width 
.090*.  See  Fig.  18, 
or  use  holder  and 
cutter,  see  Fig.  21, 
calipers,  rule,  lubri* 
oate  freely  with  laid 
oil. 


Forged  finishing  tool, 
width  .100*  +  .002* 
for  fit,  1'  microme- 
ter, file,  harden  and 
temper  and  grind 
or  use  holder  and 
cutter,  calipers, 
rule,  lard  oil. 


Diamond-point  and 
side  tools,  or  holder 
and  cutter,  8*  or 
10*  mill  bastard  file. 

8*  or  10*  mill  bastard 
file. 

5'  or  6'  warding  bas- 
tard file,  two  safe 
edges. 


Attention. — Terminate  each  cut  as  follows:  stop  lathe  when  tool 
is  i  or  ^  revolution  from  hole,  then  carefully  pull  belt  to  continue  cut 
almost  to  hole  and  end  the  cut  by  moving  tail  of  dog  in  slot  of  face  plate. 

Note.  —  Roughing  tool  may  be  removed,  ground/ and  reset  if  neces- 
sary, but  not  the  finishing  tool. 
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STOCK 
IRON    CAST  INS 
CORED 

FiQ.  27.  —  Schedule  Drawinq  of  Square  Thread  Nut. 


Specifications :  Preparing  nut  blank.    Rough  threading.    Tapping. 

Material,  iron  casting,  cored;  weight,  1  lb.  6  oz. 

Hardness,  29  to  31  (scleroscope). 

High-speed  steel  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min. — 

Oil  lathe,  4  min.  —  Bore,  thread,  and  tap  nut,  40  min.  — 

Square,  turn,  and  nurl  nut,  28  min.  —  (All  tools  furnished.) 

Clean  lathe,  3  min.  — Total,  1  h.  20  min. 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


Mount  in  chuck,  true  up  and 
clamp  hard  m  chuck. 

Rough  square,  (1),  one  or  two 
cuts.    Feed  inward. 

Rough    bore    hole    to    about 
1.03'',  (3),  two  or  three  cuts. 


Finish  bore  hole,  (2),  two  or 
three  cuts. 

Or  omit  boring,  bevel  comer 
of  hole  and  drill  to  size. 


Machines,  Speeds, 
Feeds. 


Engine   lathe,  12*  to 

16'.      3d  speed,  or 

200  R.P.M. 
2d  or  3d  speed,  or  40 

F.P.M.        Hand  or 

power  feed. 
1st  or  2d  speed,  or  40 

F.P.M.         Medium 

power  feed  —  80  to 

1*. 
3d  speed,  or  60  F.P.M. 

fine  power  feed  — 

140  to  1". 
2d  or  3d  speed,  or  60 

F.P.M. 


Tools. 


Independent  chuck, 
chalk. 

Round-nose  tool,  or 
holder  and  cutter, 
W  rake. 

Boring  tool,  see  p.  504. 
Inside  calipers,  rule. 


3  or  4-groove  high- 
speed steel  twist 
drill  (1.05'). 

See  p.  4l0  and  Prtn- 
ciplea  of  McuMne 
Work, 
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SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 
Continued 


Opbrations. 


BCachinbs,  Spxxds, 
Febds. 


Tools. 


Set  inside  Square  thread  tool 
(see  F^.  24),  and  cut  re- 
cess for  improvised  gage  ^' 
X  ir.  (3).  See  (A).  Kg. 
27. 

Arrange  lathe  for  5  threads 
with  thread  stop  reversed. 

Rough  thread  to  1}'  the  di- 
ameter of  gage  A,  (4),  fif- 
teen cuts,  .006*  each,  five 
cuts,  .002*  each.  Depth  of 
thread,  .100*. 

Start  tap  in  lathe,  pull  belt 
downward  and  follow  with 
dead  center.  Be  sure  that 
tap  follows  thread  or  it  may 
ream.  Remove  nut  'and 
tap  to  reaming  stand  or 
vise,  and  finish  tapping,  (ft). 

Mount  nut  on  nut  mandrel 
and  rough  square,  (6),  one 
or  two  cuts. 


Finish  square,  (6),  one  or  two 
cuts. 

Reverse  nut  and  square  to 
length  to  remove  recess, 
(7),  two  or  three  cuts. 

Rough  turn,  (8),  one  or  two 
cuts. 


Finish  turn,  (8),  one  out. 


File,  (9). 

Nurl,  two  to  four  times,  (10). 
See  Machine  Nurling,  p.  686. 


File   comers   slightly   to   re- 
move burr,  (11),  (12). 


l8tspeedor30F.P.M. 
Hand  feed. 


l8t8peed,or30F.P.M. 


Reaming  stand  or  vise 
andgrooved  wooden 
jaws. 


2d  or  3d  speed,  or  40 
F.P.M. 


3d  or  4th  speed,  or  60 

F.P.M. 
2d  or  3d  speed  or  60 

F.P.M. 


Ist  or  2d  speed,  or  35 
F.P.M.  Medium 
power  feed  —  80  to 
1*. 

2d  or  3d  speed,  or  50 
F.P.M. 


4th    speed,    or    175 

F.P.M. 
1st  or  2d  speed,  or  35 

F.P.M.         Medium 

power  feed  —  80  to 

1*. 
4th     speed     or     175 

F.P.M. 


Forged  Square  thread 
tool,  width  .090*, 
or  holder  and  cut- 
ter, inside  calipers, 
rule. 


Without  oil. 


li^'X  5  Square  thread, 
tap  and  tap  wrench, 
lubricate  tap  freely 
with  lard  oil. 


li*X6  Square  thread 
nut  mandrel,  dog, 
round-nose  tool,  or 
holder  and  cutter, 
calipers,  rule. 

Facing  tool  or  holder 
and  cutter. 

Round-nose  tool  or 
holder  and  cutter, 
and  facing  tool, 
calipers,  rule. 

Diamond-point  tool 
•  or  holder  and  cut- 
ter, 15®  rake,  cali- 
pers, rule. 

Diamond-point  or 
round-nose  tool,  or 
holder  and  cutter, 
calipers,  rule. 

8'  or  lO'  mill  bastard 
file. 

Machine  nurling  tool, 
medium  pitch,  oiL 


8''  or  lO'  miU  bsstaid 
file. 


See  Attention  and  Note,  p.  621. 
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AUenlxon.  —  In  the  absence  of  a  tap  an  inside  tool  may  be  made 
one-half  pitch  +  .001'^  to  finish  the  thread,  but  the  thread  will  not 
be  as  smooth  or  the  fit  of  screw  and  nut  as  good. 

Note,  —  The  nut  in  Fig.  27  is  nurled  for  convenience  in  handling 
as  a  problem.  For  practical  styles  of  nuts  to  transmit  motion,  see 
p.  638. 

30.  To  fit  screw  to  nut,  Figs.  26  and  27. 

SCHEDULE  OF  OPERATIONS 


1.  Ascertain  if  thread  binds  on 
top  or  bottom  by  testing  with 
calipers  and  comparing  with  tap, 
Fig.  25;  if  so,  file  top  of 
threads  on  screw  or  cut  thread 
deeper. 

2.  Hold  nut  in  grooved  wooden 
jaws  in  viae.    Oil  screw,  grasp  dog 


with   both  hands  and   force   in 
with  hand  pressure. 

3.  If  necessary  file  sides  of 
threads  with  a  warding  file. 

4.  After  screw  is  fitted  to  nut, 
polish  top  of  thread  with  90 
emery  cloth,  polishing  clamps 
and  lard  oil. 


AUention. — To  file  sides  of  a  right  thread,  preferably,  run  lathe 
backward  at  a  slow  speed,  reverse  file  and  file  toward  footstock. 

ACME  STANDARD  OR  29«  THREADS 
31.  Acme  Standard  or  29^  threads.  Fig.  28,  right  or  left, 
are  used  for  screws  to  transmit  motion,  as  on  lead  screws,  feed 


Fig.  28.  —  Sectional  View  op  Acme  Standard  or 
29°  Thread  Screw  and  Nut. 

screws,  elevating  screws,  valve  stems,  presses,  rock  drills,  etc., 
and  they  are  displacing  Square  threads  for  other  purposes 
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because  they  can  be  more  readily  cut  in  the  lathe,  and  also 
successfully  and  rapidly  cut  with  dies,  with  bolt  cutters  and 
turret  lathes,  and  milled  with  thread  milling  machines. 

The  depth  of  the  thread  is  equal  to  one-half  the  pitch  plus 
^l'^  for  clearance.  The  fit  is  on  the  sides  with  clearance  on 
top  and  bottom. 


NAMES  OF  PRINCIPAL  PARTS  OF  29P  THREAD 


C  — Pitch. 

D  —  Diameter,  standard. 

E  —  Root  diameter  (which  is 
also  root  diameter  of  tap). 

F  —  Diameter  at  bottom  of 
thread  on  nut  (which  is  also  diam- 
eter of  tap). 

G  —  Bore  of  nut. 


H  and  W  —  Clearances,  same 
for  all  pitches.  {H  obtained  by 
cutting  thread  .01^  deeper  than 
iP;  H'y  by  making  tap  .02* 
larger  than  diameter  of  screw.) 

K  —  Included  angle  29°. 

L  — Side  angle  14^^ 


32.  To  obtain  parts  of  thread. — 

Width  of  point  of  tool  for  screw  or  tap  thread  «= 

■3707  _  ^^2 

No.  threads  per  inch 

Width  of  point  of  screw  or  nut  thread  = 

.3707 
No.  threads  per  inch 

Diameter  of  tap         =  diameter  of  screw  4-  .020. 
Diameter  of  screw     =-  any 

Diameter  of  tap  or  screw  at  root  of  thread  »  diameter  of 

1 


screw 


-(: 


No.  threads  per  inch 


+  .020- 


•)• 


Depth  of  .hT«d  -  2xN..tbma.perl.ch  +  ""'■ 

Diameter  to  bore  nut  =  diameter  of  screw  — 

1 

No.  threads  per  inch ' 

Clearance  «  .01^  top  and  bottom  of  thread. 
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83.  Table  of  Thread  Parts  for    Acme  Standard  or  29"" 
Thread.  * 


No.  OF 

Depth  OF 
Thbead. 

Width  AT 

Width  at 

Space  at 

TmCKNBflS 

Pitch. 

Thrbajm 

Top  of 

Bottom 

Top  of 

AT  Root  of 

PER  Inch. 

Thbead. 

OP  Thb'd. 

Thread. 

Thread. 

2 

i 

1.010 

.7414 

.7362 

1.2686 

1.2637 

1} 

t 

.9476 

.6960 

.6897 

1.1799 

1.1860 

.8860 

.6487 

.6436 

1.1012 

1.1064 

A 

.8226 

.6026 

.6973 

1.0226 

1.0277 

f 

.7600 

.6660 

.6608 

.9439 

.9491 

^ff 

H 

.7287 

.6329 

.6277 

.9046 

.9097 

ii 

A 

.6976 

.6097 

.6046 

.8662 

.8704 

1 

.6662 

.4866 

.4813 

.8269 

.8311 

.636 

.4633 

.4681 

.7866 

.7918 

^A 

4 

.6037 

.4402 

.4360 

.7472 

.7626 

i| 

.6726 

.4170 

.4118 

.7079 

.7131 

ij^ 

♦ 

.6412 

.3938 

.3886 

.6686 

.6739 

.610 

.3707 

.3666 

.6293 

.6346 

*tt 

ify 

.4787 

.3476 

.3424 

.6898 

.6960 

} 

1} 

.4476 

.3243 

.3191 

.6606 

,6668 

lA 

.4162 

.3012 

.2960 

.6112 

.5164 

} 

ij 

.386 

.2780 

.2728 

.4720 

.4772 

^ 

lA 

.3637 

.2648 

.2496 

.4327 

.4379 

} 

ij 

.3433 

.2471 

.2419 

.4194 

.4246 

1 

if 

.3226 

.2316 

.2264 

.3934 

.3986 

^^ 

li 

.2912 

.2086 

.2033 

.3539 

.3591 

2 

.260 

.1863 

.1801 

.3147 

.3199 

1 1 

2f 

.2287 

.1622 

.1670 

.2752 

.2804 

2i 

2} 

.210 

.1482 

.1430 

.2518 

.2670 

.1975 

.1390 

.1338 

.2369 

.2411 

3 

.1766 

.1236 

.1183 

.2098 

.2160 

^  \ 

3i 

.1662 

.1168 

.1106 

.1966 

.2018 

3i 

.1628 

.1059 

.1007 

.1797 

.1849 

4 

.1360 

.0927 

.0876 

.1673 

.1626 

4^ 

.1211 

.0824 

.0772 

.1398 

.1460 

5 

.110 

.0741 

.0689 

.1269 

.1311 

T  I 

^ 

.1037 

.0695 

.0643 

.1179 

.1232 

6 

.0933 

.0617 

.0666 

.1049 

.1101 

. 

7 

.0814 

.0630 

.0478 

.0899 

.0951 

8 

.0726 

.0463 

.0411 

.0787 

.0839 

■ 

9 

.0666 

0413 

.0361 

.0699 

.0761 

1  1 

10 

.060 

.0371 

.0319 

.0629 

.0681 

S 

16 

.0412 

.0232 

.0180 

.0392 

.0444 

Digitized  by  VjOOQ IC 


524 


ADVANCED  MACHINE  WORK 


34.  Table  of  Acme  Standard  or  29^  threads.  —  While  any 
pitch  may  be  assumed,  it  is  best  to  use  whole  numbers  of 
threads  per  inch  as  near  as  possible  to  three-quarters  of  the 
United  States  Standard.    See  p.  323. 


Thbeadb  Per 
Inch. 

DiAMXTEB. 

Threads  Per 
Inch. 

50 
10 

10 
9 

8 

7 

1' 

2* 

6 
5 

4 
3 

35.  To  file  or  grind  Acme  Standard  or  29^  threading  tool,  Fig. 
29. — il  is  top  face,  B  and  C  are  side  and  end  views.  For 
method  of  finding  inclination  of  thread,  see  Square  Threading 
Tool,  pp.  6X3,  614. 


I 


Fia.  29. 


B  ^18*^        C 

—  AcMB  Standard  or  29^  Threading  Tool. 

SCHEDULE  OF  OPERATIONS 


1.  File  bottom  and  end  of  tool. 

2.  File  sides  to  fit  gage  2)  as  at 
E,  Fig.  30. 

3.  Harden  and   temper  to  a 
straw  color. 


4.  Grind  end  until  point  F, 
Fig.  29,  will  fit  notch  in  gage  as 
at  O,  Fig.  30,  the  desired  pitch, 

5.  Grind  top  face,  A,  Fig.  29, 
slightly. 


AUerUion.  —  For  fine  pitches,  use  same  tool  for  roughing  and 
finishing.  For  5  pitch  or  coarser,  rough  with  Square  threading  tool 
.01"  narrower  than  point  of  29°  tool.  In  case  of  very  coarse  pitches, 
cut  a  square  groove,  then  with  right  and  left  side  tool  cut  down  sides 
of  thread,  after  which  use  finishing  tool  of  desired  shape.  A  com- 
pound rest  is  often  used  for  coarse  pitches. 

Note.--  The  tool  may  be  forged  and  ground  to  the  proper  angle  with 
a  universal  tool  grinder  (see  Principles  of  Machine  Work),  then  hard- 
ened and  tempered,  reground,  and  the  filing  omitted.  The  thread  is  also 
cut  with  29°  threading  holder  and  cutter.     See  No.  16,  Chart,  p.  309. 
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Fig.  30.  —  SBmNO  Tool  to  Cut  Aciia 
Standard  or  29^  Thbbad. 

36.  Method  of  setting  outside  Acme  Standard  or  29^  thread- 
ing tooL  —  Fasten  tool  K,  Fig.  30,  in  tool  post  lightly  and  ad- 
just to  height  of  dead  center.  Mount  screw  blank  H  on  centers. 
Place  gage  D  against  screw  blank  H  parallel  to  axis  and  rap 
tool  until  angle  of  tool  fits  angle  of  gage.  Then  fasten  tool 
firmly. 

37.  An  inside  Acme  Standard  or  29^  threading  tool.  —  Fig. 
31  is  used  for  cutting  inside  threads.  The  blade  AS  is  in- 
clined, shaped  and  ground  to  suit  thread  to  be  cut  in  the  same 


Q 


m 


\ 


Fio.  31.  —  Instob  Acmb  Standard  or  29^ 
THREADma  Tool. 

manner  as  the  outside  Acme  Standard  or  29^  threading  tool, 
Rg.  29. 

Inside  29®  threads  are  cut  also  by  inserting  properly  shaped 
cutters  in  boring  tool  holders.    See  No.  24,  Chart,  p.  300. 


Digitized  by  VjOOQ IC 


526 


ADVANCED  MACHINE  WORK 


38.  Method  of  setting  inside  Acme  Standard  or  29^  thread- 
ing tool.  —  Nut  blank  C,  Fig.  32,  is  held  in  chuck  Z>.  End 
E  is  faced  and  hole  bored  to  size.     Place  tool  F  in  tool  post 


NUT  BLANK 

—  c 


y^CHUCK 

D 


29*  THREAD 
TOOL  QAQE 
Q 
Ot68Z9StfifZ 


Fig.  32.  —  Settinq  iNsros  Acmb  Standard  29^ 
Thrkading  Tool. 

and  adjust  to  height  of  dead  center  (see  No.  2,  p.  605)  and  fasten 
lightly  in  approximate  position.  Hold  gage  G  against  face  of 
chuck  D  and  rap  tool  until  angle  of  tool  fits  angle  of  gage. 
Then  fasten  tool  securely. 

39.  Acme  Standard  or  29^  thread  tap  1^^  in  diameter, 
5  threads  to  1,  Fig.  33,  is  used  to  tap  both  loose  and  fixed 
nuts. 


_=     8   tlr    ^.♦■.giuiiiiiiimiMiMiiimiiiiiiHiniiiiBiiTMY 


Fig.  33. —  Acmb  Standard  or  29^  Thread  Tap  IJx  5. 

Loose  nuts  are  usually  rough  threaded  in  the  engine  lathe 
ivith  an  inside  threading  tool.  Fig.  32,  to  about  }  of  a  fuU 
thread,  then  finish  threaded  with  a  tap. 
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For  fixed  nuts,  such  as  parts  of  machine  frames,  one  or  two 
roughing  taps  are  used,  followed  by  the  finishing  tap,  prefer- 
ably of  type  shown  at  H,  Fig.  15.  These  taps  are  made  with 
leaders  as  at  A,  Fig.  33,  or  without  leaders.  A,  Mg.  25.  See  Aline- 
ment  Drilling  and  Tapping,  p.  638.  The  diameter  is  made  two- 
hundredths  of  an  inch  larger  than  the  screw  for  clearance. 
See  p.  622.    The  root  diameter  of  tap  is  the  same  as  screw. 

Leader  A  and  shank  B  are  two-thousandths  of  an  inch 
smaller  than  bore  of  nut,  and  the  leader  may  be  used  as  a  gage 
to  test  the  bore  of  nut.  These  taps  cannot  be  obtained  com- 
mercially but  must  be  specially  made. 

40.  To  cut  Acme  Standard  or  29^  thread  screw.  Fig.  34. 


-Schedule  Diuwma  of  Acme  Standard  or  29** 
Thread  Screw. 

Specifications:  Preparing  screw  blank.  Threading.  Material, 
machine  steel  ^'  large;  wdght,  3  lb.  8  oz. 

For  heat  treatment  see  Principles  of  Machine  Work. 

Hardness,  14  to  16  (scleroscope). 

True  live  center.     Set  dead  center  in  approximate  alinement. 

Highnspeed  steel  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  — 

Oil  lathe,  4  min.  —  Prepare  screw  blank,  65  min.  —  Rough  and  finish 
thread,  and  fit  to  nut,  1  h.  10  min.  —  (All  tools  furnished.)  Clean 
lathe,  3  min.— Total,  2  h.  27  min. 

SCHEDULE  OF  OPERATIONS,   MACHINES  AND  TOOLS 


Operations. 

Machines,  Speeds, 
Feeds. 

TOOMI. 

Center. 

Rough  Bquare,  (1),  (2). 

Centering  machine. 

Engine  lathe,  12^  to 
16^    2dor3d8peed, 
or  60  F.P.M.  Hand 
or  power  feed. 

jY  drill,  60*  counter- 
sink, laid  oil. 

Dog,  side  tool  or 
holder  and  cutter 
35°  rake,  calipers, 
rule. 
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SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 
Continued 


Operations. 


Machines,  Speeds, 
Feeds. 


TooL«. 


Recenter. 


Finish  square,  (1),  (2). 


Rough  turn  A'  large,  (3),  one 
cut. 


Set  dead  center  in  accurate 
alinement  to  turn  straight 
using  this  shaft  or  a  trial 
piece  the  same  length.  See 
pp.  Il6,  ll7. 

Finish  turn  l-ZS"  +  .003',  (4). 


File  1.26'  +  .001',  (ft). 

Polish  1.26'.  (5). 

Cut  groove,  (6),  to  root  diam- 
eter of  thread,  1.03*. 

Grind     Square     thread    29® 

roughing  tool. 
Set  tool  (see  p.  6 14)  and  thread 

stop,   arrange   lathe   for   5 

threads. 

Rough  thread  to  1.03'  +  .02*, 
(7),  twenty  cuts  .005' each. 
Depth  of  thread,  .lOO*. 

Set    fininhing    tOol    tO    CUt    On 

both  sides  of  groove  by  tak- 
ing up  back-lash,  loosening 
dog,  adjusting  shaft  and 
testing  cut  at  end  thread. 
Finish  thread,  (8),  twenty 
cuts  of  .005'  each,  two  cuts 
of  .002'  each.  Then  take  1 
cut  .001',  clean,  oil,  and 
test  and  repeat  until  screw 
fits  nut.  Depth  of  thread 
.110*. 


Speed  lathe,  drill,  4th 
speed;  countersink, 
3d  speed. 

Engine  lathe,  3d  or 
4th  speed,  or  80 
F.P.M.  Hand  or 
power  feed. 

1st  or  2d  speed,  or  60 
F.P.M.  Medium 
power  feed  —  80  to 
1'. 

3d  or  4th  speed  or  80 
F.P.M.  Fine  power 
feed  — 140  to  1'. 


3d  or  4th  speed,  or  80 
F.P.M.  Fine  power 
feed  — 140  to  1'. 


4th  or  5th  speed,  or 

175  F.P.M. 
Speed   lathe,   highest 

speed. 
Engine  lathe,   1st  or 

2d    speed,     or    25 

F.PJf.    Hand  feed. 


1st     speed,     or     30 
F.P.M. 


1st      speed,      or     30 
F.P.M. 


Diamond-point  tool 
or  holder  and  cut- 
ter, 35**  rake,  cali- 
pers, rule. 

Dog,  copper,  dia- 
mond-point tool  or 
holder  and  cutter, 
35®  rake,  microm- 
eter. 

Copper  underset  screw 
of  dog,  diamond- 
point  tool  or  holder 
and  cutter,  35®  rake, 
micrometer. 

8'  or  10*  mill  bastard 
file. 

60  and  90  emery  doth, 
polishing  clamps. 

29"  grooving  tool,  cal- 
ipers, rule,  lard  oil. 

Forged  Square  thread 
(29''  roughing  tool) 
—  width  .OOO*,  see 
Fig.  18.  or  holder 
and  cutter,  see  Fig. 
21. 

Calipers,  rule;  lubri- 
cate freely  with  lard 
oU. 

Forged  29®  finishing 
tool,  groimd  to  fit 
angle  and  notch  5 
on  gage.  Fig.  30, 
or  use  holder  and 
cutter,  calipers, 
rule,  lard  oil. 
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SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 
Concluded 


Opkrationb. 

Machimbs,  Spsxdb, 
Fekdb. 

TOOLB. 

Turn  off  end  of  thread,  (9), 

2d  or  3d  speed,  or  50 

Diamond-point     and 

and  smooth  off  thread  with 

FJPJd.    Hand  feed. 

side  tools,  or  holder 

file. 

and   cutter,    8'    or 
10"     miU     bastard 
file. 

¥Ue  top  of  threads  to  remove 

4th  or  5th  speed,  or 

S'   or   10*   mill   bas- 

burr. 

176  F.P.M. 

tardfile. 

FUe  sides  of  thread  slightly  if 

lat  speed,  or  10  F.P.M. 

6*^  or  6*^  warding  bas- 

needed   to  -  make    the    fit 

tard   file,  two  safe 

easier.  (Preferably  with  file 

edges. 

and  speed  reversed.) 

Polish  tops  of  threads. 

Speed   lathe,   highest 

QOemery  cloth,  polish- 

speed. 

ing  clamps,  lard  oil. 

AUerUion.  — Terminate  each  cut  as  follows:  stop  lathe  when  tool  is 
^  or  ^  of  a  revolution  from  groove,  then  carefully  pull  belt  to  continue 
cut  to  groove. 

A  hole  instead  of  a  groove  is  sometimes  used  in  which  to  terminate 
the  cut.    See  K,  Fig.  17. 

For  fine  pitches  a  groove,  or  hole,  is  sometimes  omitted  and  a  taper- 
ing termination  used  the  same  as  United  States  Standard  and  Sharp  V 
threads.    See  pp.  3l8,  3l9,  330,  331. 

Warning.  —  Roughing  tool  may  be  removed,  ground,  and  reset,  if 
necessary,  but  it  is  best  not  to  remove  the  finishing  tool  until  thread 
B  completed. 

Important.  —  A  29^  thread  nut  must  be  made  first  in  order  to  fit  the 
screw  to  it. 

41.  To  make  an  Acme  Standard  or  29^  thread  nut,  Fig.  35. 

TAP  1^"  DIA.  6  THDS.  TO  I* 


Fig.  35. 


STOCK 
IROH   CAST^Na 
CORED 

-ScHEDm^E  Drawing  of  Acme  Standard 
oa  29""  Thread  Nut. 
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Spedflcatioiis:  Preparing  nut  blank.  Rough  threading.  Tapping. 
Material,  iron  casting,  cored;  weight,  1  lb.  5  oz. 

Hardness,  29  to  31  (scleroscope) . 

High-speed  steel  or  stellite  cutting  tools. 

lime:  Study  drawing  and  schedule  in  advance,  5  min. — 

Oil  lathe,  4  min.  —  Bore,  thread,  and  tap  nut,  40  min.  —  Square, 
turn,  and  nurl  nut,  28  min.  —  (All  tools  furnished.)  Clean  lathe,  3 
min.  — Total,  1  h.  20  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 

Machinks,  Speeds, 
t»OM  Feeds. 

Tooui. 

Mount  in  chuck,  true  up,  and 

Engine  lathe   12^  to 

Independent      chuck. 

tdftmp  liArd  in  chuck. 

lO'.     3d  speed,  or 
200  R.P.M. 

chalk. 

Rough  square,  (1),  one  or  two 

2d  or  3d  speed,  or  40 

Round-nose    tool    or 

cuts.     Feed  inward. 

FJ>.M.       Hand  or 

•    holder  and   cutter. 

power  feed. 

16»  rake. 

Rough   bore   hole   to    about 

1st  or  2d  speed,  or  40 

Boring   tool,    p.    504. 

1.03",  (a),  two  or  three  cuts. 

F.P.M.    Medium 
power  feed  —  80  to 
1'. 

Inside  calipen,  rule. 

Finish  bore  hole  1.06',  (a),  two 

3d8^,or60F.P.M. 

or  three  cuts. 

Fine  power  feed  — 
140  to  1'. 

Or  omit  boring,  bevel  comer 

2d  or  3d  speed,  or  60 

of  hole  and  driU  to  sise. 

FJ>.M. 

speed   steel    twist 
driU  (1.05'). 
See  p.  4l0  and  Prin^ 
ciples   of   Machine 
Work. 

Set  inside  20«  thread  tool.  Fig. 

l8t8peed,or30F.P.M. 

Forged     29®     thread 

32,   cut  recess  for  impro- 

Hand  feed. 

tool,  or  holder  and 

viaed  gage  A'  X  IK,  (3). 

cutter,   inside   cali- 

See  A.  Fig.  36. 

pePB,  rule. 

Arrange  lathe  for  6  threads 

with  thread  stop  reversed. 

, 

Rough  thread  to  IJ*  the  di- 

l8t8peed,or80F.P.M. 

Without  oU. 

ameter  of  gage  A,  (4),  fif- 

teen cuts  .000'  each,  five 

outB  .002"  each.    Depth  of 

thread  .lOO'. 

Start  tap  in  lathe,  puU  belt 

Reaming    stand,     or 

irX6,    29*    thread 

downward  and  follow  with 

vise    and    grooved 

tap  and  tap  wrench. 

dead  center.     Be  sure  that 

wooden  jaws. 

lubricate  tap  freely 

tap  follows  thread  or  it  may 

with  lard  oil. 

ream  out  thread.     Remove 

nut   and    tap    to    reaming 

stand  or  vise,  and  finish  tap- 

ping, (6V 
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SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 
Concluded 


OPmATIONB. 


Mount  nut  on  nut  numdrel 
and  rough  square,  (6),  one 
or  two  cuts. 


Finish  square,  (6),  one  or  two 
cuts. 

Reverse  nut  and  square  to 
length  to  remove  recess, 
(7),  two  or  three  cuts. 

Rough  turn,  (8),  one  or  two 
cuts. 


Finish    turn,    (8), 
File,  (9). 


out. 


Nurl,  (10),  two  to  four  times. 
See  Machine  Nurling,  p.  636. 


File  comers  slightly  to  remove 
burr,  (11),  (12). 


Machimxb,  SpmnB, 

FUBDS. 


2d  or  3d  speed,  or  40 
F.P.M. 


3d  or  4th  speed,  or  60 
F.P.M. 

2d  or  3d  speed,  or  60 
F.P.M. 


1st  or  2d  speed,  or  35 
FJ^.M.  Medium 
power  feed. 


2d  or  3d  speed,  or  60 
F.P  Jif .  4Ui  speed, 
or  176  F.P.M. 


1st  or  2d  speed,  or  35 
F.P.M.  Medium 
power  feed  —  80  to 
1^. 

4th  speed,  or  175 
F.P.M. 


Tools. 


1^  X  5,  29«  thread 
nut  mandrel,  dog, 
round-nose  tool  or 
holder  and  cutter, 
calipers,  rule. 

Facing  tool,  or  holder 
and  cutter. 

Round-nose  tool,  or 
holder  and  cutter 
and  facing  tool. 

Diamond-point  tool 
or  holder  and  cut- 
ter, 15®  rake,  cali- 
pers, rule. 

Diamond-point  or 
roimd-noser  tool,  or 
holder  and  cutter, 
calipers,  rule.  8* 
or  lO'  mill  bastard 
file. 

Machine  nurling  tool, 
medium  pitch,  lard 
oU. 

S''  or  lO'  mill  bastard 
file. 


AUentian.  —  In  the  absence  of  a  tap  the  inside  29^  thread  tool  may 
be  used  to  finish  the  thread  but  the  thread  will  not  be  as  smooth  or 
the  fit  of  screw  and  nut  as  good. 

Note.  — The  nut  in  Fig.  35  is  nurled  for  convenience  in  handling  as 
a  problem.    For  practical  styles  of  nuts  to  transmit  motion,  see  p.  638. 

MULTIPLE  THREADS 

42.  Multiple-tlireaded  screws,  such  as  double  and  triple 
threads,  etc.,  in  Square,  29^,  and  other  forms  of  threads,  are 
used  in  cases  where  a  quick  lead  is  required,  but  a  deep 
thread  is  not  desirable. 
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43.    To  cut  double  Square  thread,  Fig.  36,  8  threads  to 
1^  pitch  I'. 


Fig.  36.  —  Double  Squabe  Thread  Screw. 
SCHEDULE  OF  OPERATIONS 


1.  Gear  lathe  to  cut  4  threads 
per  inch.  Fasten  dog.  Mount 
work  on  centers  and  with  thread- 
mg  tool  trace  a  line  for  groove  1. 

2.  At  end  of  line  center  punch 
and  drill  finishing  hole  A  to  termi- 
nate groove  1.    See  pp.  6I6-6I8. 

3.  Cut  groove  1  to  diameter. 

4.  If  ratio  of  stud  spindle 
and  lathe  spindle  is  1  to  1,  and 
stud  gear  has  an  even  number 
of  teeth,  mark  with  chalk  a  tooth 
on  stud  gear  and  the  correspond* 
ing  space  in  idler  gear.  Then 
mark  a  tooth  on  stud  gear  dia- 


metrically opposite,  which  is  de- 
termined by  counting  half  the 
teeth  in  the  stud  gear. 

Disengage  idler  gear  from  stud 
gear,  rotate  lathe  spindle  and 
bring  gears  into  mesh  as  indi- 
cated by  chalk  marks  on  the 
teeth  of  the  gears. 

5.  Now,  with  threading  tool 
trace  a  line  for  groove  2  and  on 
this  line  opposite  A,  center  punch 
and  drill  finishing  hole  A'  (not 
shown)  to  terminate  groove  2. 

6.  Cut  groove  2  to  diameter. 


Attention, —  To  cut  a  triple  thread,  the  lathe  spindle  is  rotated  one- 
third  of  a  revolution  to  cut  the  second  thread,  and  another  third  to  cut 
the  third  thread.  If  gear  on  stud  is  not  divisible  by  number  of  threads 
to  be  cut,  select  change  gears  that  have  a  stud  ^Bar  that  is. 

Important. — Special  face  plates  with  multiple  equidistant  slots 
(index  milled)  are  convenient  for  cutting  multiple  threads,  as 
the  tail  of  the  dog  can  be  more  readily  shifted  than  the  gears 
after  each  thread  is  cut. 

44.  Width  and  inclination  of  tool  for  multiple  threads.  — 
The  width  or  shape  of  tools  for  multiple  threads  is  governed  by 
pitch  of  the  screw;  and  the  inclination  by  the  lead  of  the  screw. 

46.  Multiple-thread  taps  are  similar  to  those  for  square  and 
29^  thread  nuts.  See  pp.  616,  626,  627.  The  Sharp  V  and  29^ 
forms  of  this  thread  can  be  cut  with  dies. 
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BRASS  FINISHING 

46.  To  turn  brass  in  the  engine  lathe.  —  Brass,  also  known 
as  composition,  ranging  in  hardness  from  soft  yellow  to  hard 
brass  or  bronze,  is  generally  turned  with  tools  having  little  or 
no  rake.  High  speeds  and  fine  feeds  are  used  and  the  tools 
must  be  kept  sharp  by  frequent  grinding  to  obtain  the  best  re- 
sults. See  To  Machine  Bronze,  p.  419.  For  Cutting  Speed,  see 
p.  l45. 


MUM  TUmMNQ 
LANOt  WORK 


ROUND   NOK  TOOL 
FOR  I 


FAOINQ  OR  FRONT  TOOL 


Fia.  37.  —  Brass  Turning 
RouND-NOSB  Tool. 


AIDS  VIKW 

Fig.  38.  —  Brass  Tubnino  wit9 
Front  Toou 


47.  The  round-nose  tool,  as  at  A  and  B,  Fig.  37,  is  generally 
used  for  large  brass  work.  It  may  be  used  to  turn  the  diameter 
as  at  C,  the  shoulder,  as  at  Z>,  and  the  round  comer  or  fillet  as 
at  E9  without  change  of  position  in  the  tool  post. 

48.  Use  front  tool.  Fig.  38,  with  point  A,  B  ground  at 
angle  from  50^  to  60^  for  squaring,  turning,  or  facing,  without 
change,  as  at  C,  Z>,  and  E.  If  the  work  is  ri^d,  cut  inward 
or  outward;  if  slender,  cut  inward  only.  This  tool  may  be 
ground  to  fit  thread  gage,  and  used  as  a  threading  tool  for 
United  States  Standard  or  Sharp  V  threads. 
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Attention,  —  As  bronze  and  brass  will  stretch,  it  is  neoes- 
sary,  when  fitting  a  steel  screw  to  a  bronze  or  brass  nut,  to 
force  the  screw  in  hard  at  first  to  avoid  a  loose  fit. 

Reamed  and  drilled  holes  in  brass  or  bronze  are  usually  smaller 
than  holes  made  with  the  same  tools  in  cast  iron  on  account  of 
the  resilient  and  adhesive  quality  of  these  materials. 

Taps,  dies,  reamers,  and  files  that  are  used  on  steel  or  iron 
may  be  used  on  brass,  but  it  is  best  to  have  separate  tools, 
for  such  tools  never  work  as  well  on  brass  after  they  are  used 
on  steel  or  iron. 

Brass  in  general  is  machined  dry,  but  to  thread  rolled  brass, 
as  rod  and  tubing,  with  a  die,  it  is  usually  necessary  to  use 
lard  oil  to  prevent  the  chips  from  clinging  to  the  threads  of  the 
die  and  stripping  the  threads  on  the  work. 

Monel  metal  is  a  natural  nickel-copper  alloy  made  directly 
from  the  ore,  67  per  cent  nickel,  28  per  cent  copper  and  5  per 
cent  of  other  metals. 

It  takes  the  same  finish  as  pure  nickel  and  is  used  for  pump 
rods,  valve  stems,  boat  fittings,  dairy  and  tannery  machinery 
and  other  purposes  where  strength  and  non-corrodibility  are 
required  It  can  be  machined,  forged,  poldered,  brazed  and 
welded  by  the  autogenous  and  electric  processes. 

To  machine,  use  tools  with  25®  to  30°  rake,  dry  or  with  a  lu- 
bricant of  lard  oil,  borax  and  aquadag. 

49.  To  make  brass  binding  post,  Fig.  39. 


Fig.  39.  —  Sghbdulb  Drawinq  of  a  Binding  Post. 
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Specifications:  Material,  composition  or  brass  castings  ^'  large; 
weight,  10  oz.    Hardness,  10  to  12  (scleroscope). 

True  five  center.    Set  dead  center  in  approximate  alinement. 

CarbonHsteel  cutting  tools. 

Time :  Study  drawing  and  schedule  in  advance,  10  min.  —  Oil  lathe, 
3  min.  —  Make  poet,  38  min.  —  Chuck  and  turn  nuts,  37  min.  — Nurl 
nuts  and  thread  post,  40  min. — Assemble,  finish,  polish,  and  lacquer, 
34  min.  — Clean  lathes,  6  min,  — Total,  2  h.  48  min. 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operation. 


File  ends  flat  and  center  to 
i'  diameter. 


Rough  square,  (1),  («).  (8), 
(4).  Take  as  little  as  po»- 
sible  off  1.  See  pp.  538, 
634. 

Reoenter  to  §'  diameter. 


Finish  square,  («),  (6),  (7), 
(8). 


Rough  turn  diameters  (9)  and 
dOtof-'+A',  (ll)tol-' 

+  A^and(la)tott'  +  A^ 
two  cuts  each. 

Finish  turn,  (18),  (14),  to  fit 
f  '  gsge  (easy  fit)  or  use  mi- 
crometer, tool  finish,  filing 
not  necessary.  Finish  turn, 
(15),  (16). 

Chamfer  ends  30^  to  depth  of 
thread,  (17),  (18). 

Tliread  in  engine  iathe  to  fit 
a,  (19),  (»0),  or 


Machines,  Spsbds, 
'  Fbbds. 


Vise,  centering  ma- 
chine, drill,  3500 
R.P.M.,  counter- 
sink, 1700  R.P.M. 

Engine  lathe,  12^  to 
1&',  4th  or  5th 
speed,  or  90  F.P.M. 
Hand  feed. 

Speed  lathe,  3d  or  4th 
speed. 

Engine  lathe,  4th  or 
5th  speed,  or  150 
F.P.M.    Hand  feed. 


4th  or  5th  speed,  or 
90  F.P.M.  Fine 
power  feed  — 140 
to  1'. 

4th  or  5th  speed,  or 
150  F.P.M.  Fine 
power  feed  — 140 
tol'. 


Hand  feed. 


2d  or  3d  speed,  or  25 
F.P.M.  Arrange 
change  gears  for  24 
threi^w. 


Tools. 


File,    A''    driU.    fiO" 
countersink. 


Round-nose    tool    i' 

wide,  (1),  (4), 
front  tool.  (2),  (8), 
calipers,  rule. 

60®  countersink. 


Roimd-noee  tool,  (5), 
(8),  front  tool, 
(e),  (7),  calipers, 
rule. 

Copper  under  set 
screw  of  dog,  round- 
nose  tool,  calipers, 
rule. 

Calipers,  rule,  f '  man- 
drel, i'  ring  gage,or 
micrometer. 


Front  tool. 
UJ9.F.-threading  tool. 
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Thread  withf'X  24  U.S.F  die, 
(19),  (20).     Start  in  lathe. 
Pull  belt  by  hand,  and  finish 
in  vise.     See  p.  642.     If  de- 
sired, post  and  nuts  may  be 
threaded   f  X  16.    United 
States  Standard  thread. 

Rechamfer,  (21). 

Round  end  with  forming  tool, 

or 
By  hand  tool,  (22). 

Speed  lathe - 
12*.     Vise. 

Engine  lathe. 
6th  speed, 
F.P.M. 

-8*   to 

4th  or 
or    90 

3*    universal    chuok, 
r    X  24     U.S.F. 
thread  die  and  die 
stock,   special  viae 
jaws.  SeeAutomo- 
bile     Screws,     pp. 
854.  855. 

Forming  tool. 
Planisher  or  graver. 

Speed  lathe, 
5th  speed, 
F.P.M. 

4th   or 
or  600 

60.    To  make  brass  nurled  thumb  nuts.  Fig.  dO. 


-'^^®\) 
40.  —  Schedule 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


5k  — 31 
Fia.  40.  —  Schedule  Drawing  of  Nurled  Nuts. 


Operations. 


Machines.  Speeds, 
Feeds. 


Tooi«. 


Chuck,  driU,  and  tap  nuts,  (A), 
(B),  see  pp.  640-542. 


Screw  on  nut  mandrel,  mount 
on  centers,  rough  square, 
(C).     Finish  square,  (D). 


Speed  lathe,  4th  or 
6th  speed,  or  1600 
R.P.M.    Vise. 


le  lathe,  4th  or 
6th  speed,  or  90  to 
150  F.P.M.  Hand 
feed. 


3'  universal  chuck, 
planisher  or  graver. 
P.  or  H-' drill,  dog, 
r  X  24  U  S.  F.- 
thread  tap,  tap 
wrench. 

Dog,  rX24  U.S.F. 
thread    nut 
drel,  front  tool. 


Digitized  by  VjOOQ IC 


BRASS  FINISHINO 


637 


Opsbations. 


Machines,  Speeds, 
Feeds. 


Tools. 


Reyene  on  mandrel,  rough 
square,  (E).  *  Finish  square 
to  thickness,  (F). 

Rough  torn  to  diameter,  1|', 
(G). 


Rough  and  finish  turn  to  di- 
ameter, (H).  Rough  and 
finish  square  to  thickness, 
(K). 

Square  and  turn  nut  (B)  in 
same  order  as  (A),  except 
leave  diameters  (L)  (M)  ^' 
large. 

Round  nut  (N)  to  fit  concave 
single  nurl.     See  p.  635. 


Nurl    (P),   also 
nurl  nut  (B). 


round    and 
See  p.  635. 


Hold  nut  mandrel  in  chuck, 
screw  on  nut  (B),  and  recess 
(R)  to  fit  against  4  on  bind- 
ing post,  Fig.  39. 

Screw  nuts  on  binding  post, 
mount  on  centers  and  hand 
turn,  (S),  (T),  to  correct  di- 
ameter of  post  and  nut  (A) . 

FUe. 


Stamp  name  or  initials  at  end, 

(C). 

Polish  end  lacquer  poets  and 
nuts  all  over,  except 
threads  and  nurling.  See 
pp.  433,  440. 


F.nginft  lathe,  4th  or 
5th  speed,  or  90  to 
160  F.P.M.  Viae 
power  feed  — 140 
tor. 


Speed  lathe,  4th  or 
6th  s|>eed,  or  600 
F.P.M. 

2d  or  3d  speed  or  300 
F.P.M. 

4th  or  6th  speed,  or 
600  F.P.M. 


4th  or  5th  speed,  or 
600  F.P.M. 


3d  or  4th  speed,   or 
300  F.P.M. 

Place  on  metal  block. 


Highest  speed ,  or  6000 
F.P.M.  See  Prin- 
ciples of  Machine 
Work, 


Front   tool,   calipers, 
rule. 


Round-nose  tool,  cali- 
pers, rule. 


Round-nose  tool,  cali- 
pers, rule. 


Planisher. 


Hand  nurling  tool. 

Chuck,  nut  mandrel 
with  thick  collar, 
planisher  or  graver. 


damp     nut,    round- 
nose  hand  tool. 


6'  half-round  smooth 
file. 

Steel  name  stamps 
hammer. 

120  and  fiour  emery 
cloth,  crocus  cloth 
(an  oxide  of  iron), 
rouge  (a  red  iron 
peroxide),  lacquer, 
brush. 


Attention,  —  The  cutting  speeds  in  schedule  are  for  soft  brass  or 
composition  castings;  but  if  castings  are  hard,  reduce  the  cutting 
8peed« 
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ALINEMBNT  DRILLING  Ain>   TAPPING 

6L  Fixed  nuts,  Fig.  41,  which  receive  screws  to  trans* 
mit  motion  are  made  in  various  forms,  as  bushing  nut  A, 
which  is  threaded  and  forced  into  a  bored  hole  and  used  to 


vw/ 


STOCK— BRONZE 
OR  MACHINK  STEEL 


STOCK— BRONZE 
OR  IRON  CASTINa 


Fia.  41.  —  Bushing  and  Bracket  Nuts. 

receive  vertical  feed  screw  on  a  milling  machine,  or  bracket  nut 
B,  used  to  receive  crossHslide  screw  on  a  lathe,  or  bracket 
nut  Cf  Fig.  42,  for  cross-slide  screw  on  a  milling  machine. 

Bracket  nuts  are  drilled  and  tapped  in  alinement  with 
scraped  slide  and  bearing  of  screw,  and  the  work  may  be  done 
with  a  regular  jig,  or  with  a  part  of  the  machine  itself  used  as 
an  improvised  jig,  as  knee  B,  Fig.  42. 


H     CAST-IRON 
MUT 


SADDLE 

A 

I 


LEFT  HAND 

29*  OR  SO.  THO. 

TAP 


Fig.  42.  —  Alinement  DRiLUNa    and    Tapfino,  Milling    MACHma 
Cross-Feed  Screw  Nut.    Hole  in  Knee  Used  as  a  Jig. 

62.  To  drill  and  tap  cross-feed  screw  nut  in  axial  alinement 
in  milling  machine  saddle  and  knee.  Fig.  42.  Improvised  jig, 
29^  or  Square  thread  tap. 
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SCHEDULE  OF  OPERATIONS 


Place  saddle  A  on  knee  B.  Fit 
and  bolt  nut  C  to  saddle  and 
move  close  to  hole  i>. 

Clamp  saddle  and  knee  to  angle 
plate  at  vertical  drilling  machine 
or  to  table  of  horizontal  drilling 
machine  and  aline  with  spindle. 

In  hole  Jy  insert  jig  bushing  E^ 
and  drill  nut  with  tap  drill  F, 

Move    saddle    and    nut    away 


from  hole  D,  and  clamp  saddle. 
Remove  bu^ng,  insert  tap  Gy 
and  tap  hole  by  hand.  Three  or 
four  taps  of  increasing  diameters 
are  used. 

Attention,  —  Taps  without  lead- 
ers are  used,  but  taps  with  lead- 
ers, either  threaded  or  plain,  as 
at  H,  are  preferred  for  accuracy. 


63.  To  make  bronze  bushing.  Fig.  43, 


FiQ.  43.  —  Schedule  Drawing. 

Specifications:    Material,  bronze  casting  xV  large,  cored;  weight, 
10  oz. 
Hardness,  11  to  14  (scleroscope). 
EQgh-speed  steel,  or  stellite  cutting  tools. 
Time:  1  h.  30  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Opsrations. 


Snag  catting. 

Set  dead  center  in  approximate 

aiinement. 
Mount  casting  in  chuck,  true 

op  and  clamp  firmly. 


Machines,  Spbbds, 
Feeds. 


Engine  lathe,  12"  to 

16". 
3d  speed. 


Tools. 


Independent  chuck, 
chalk. 
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Rough  and  flniih  tquare  end 
(1),  two  or  three  outs. 

Rough  bore  hole  to  IH".  (»> 
two  or  three  outs.   Seep.604. 

Finish  bore  hole  to  1.1825", 
(S),  one  out. 

Finish  resm  holo  by  hand  with 
hand  reamer  in  lathe  (S). 
See  p.  4l«. 

Oil  mandrel  and  press  lightly 
into  hole  in  direction  reamed. 

True  live  oenter.  Set  dead  cen- 
ter in  accurate  alinement  (see 
pp.  ll«,  ll7),  using  a  shaft 
same  length  as  mandrel. 

Rough  turn  to  1.503''  +  .010", 
(S)i  (SOt  one  or  two  outs. 


Finish  turn  to  1.503"  +  .003", 

(a),  (r).  one  cut. 
Rough  and  finish  square  to 

length  (4),  three  or  four  cuts. 

Turn  grooTO  in  oenter  of  bush- 
ing (ft),  two  outs. 
Chamfer  ends  (1),  (4),  to  45^'. 
FUatolimit(a),  (aO. 


DriU  oU  holes  (•),  (tO. 


Chip  (or  plane)  oil  grooves  (7), 

CO. 

Remove  burr  from  hole  by 
running  reamer  through  by 
hand. 


4th  or  5th  speed,  or 
150F.P.M.  Hand 
feed. 

Medium  power  feed 
—  80tol". 

Fine  power  feed  — 
140  to  1". 


Mandrel  press. 
Engine  lathe. 


4th  or  5th  speed,  or 
150  F.P.M.  Me- 
dium power  feed  — 
80  to  1". 

Fine  power  feed  — 
140  to  1". 

Engine  lathe,  4th  or 
5th  speed,  or  150 
F.P.M.  Hand  feed. 

Fine  power  feed  — 
140  to  1". 


4th  speed. 


Vise,     copper     jaws. 

Speed  lathe,  4th  or 

5th  speed,  or  1500 

R.P.M. 
Vise,      copper     jaws 

(shaper). 


Holder  and  cutter  no 
rake,  or  front  tool. 

Boring  tool  no  rake, 
inside  calipers, 
rule. 

2"  inside  microm- 
eter (or  calipers 
and  rule). 

1-^"  hand  reamer, 
reamer  wrench. 

1  A"  mandrel,  oil. 


Holder  and  cutter  no 
rake,  or  round- 
nose  tool,  2"  mi* 
crometer. 


Calipers,  rule. 


Tool  holder  and 
round-nose  cutter. 

8"  or  10"  miU-bas- 
tard  file,  file  card, 
2"  micrometer. 

Rule,  scriber,  center 
punchy  hammer. 
A"  straight  fluted 
drill,  y  oenter. 

Bent'  center  chisel, 
hammer  (or  inside 
grooving  tool). 

Half-round  smooth 
file. 


Fig.  44. — CumNa  a  Conical 
Cavity  Axiallt  True  with 
Gratbr  to  Start  Twist  Drill. 


DRILLING,  TAPPING,  AND  HAND 
THREADING  IN  SPEED  LATHE 

64.  To  cut  a  conical  cavity 
azialiy  trae,  A,  Fig.  44.  —  Hold 
nut  B  in  chuck  C.  Set  Tee  rest 
D  to  bring  edge  of  graver  E  at 
height  of  center.  Hold  graver 
down  hard  on  Tee  rest  and  at 
the  same  time  press  it  into  work. 
If  graver  is  held  finnly,  it  will  pra- 
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duoe  a  cavity  axially  true,  as  At  A\    If  the  work  is  brass,  use 
the  graver  or  the  comer  of  the  planisher. 

66.  To  chuck  with  twist  drill  in  speed  lathe,  Fig.  45.  — 
First  make  a  conical  cavity  in  work  F  true  to  axis  of  rotation, 
and  approximately,  to  the  angle  and  diameter  of  drill  (see  A\ 
Fig.  44).  Insert  end  of  drill  G  in  drill  holder  H,  as  at  G'  and  H\ 
with  conical  end  in  hole  in  floating  center  J.  Fasten  drill  in 
holder  by  rotating  nurled  handle  and  tighten  with  pin  K. 
Place  point  of  drill  in  conical  cavity  in  work  F  and  floating 


Fig.  45.  —  Chuckinq  wtth  Twist  Drill  in  Spbxd  Lathb, 


center  J'  on  center  with  holder  H  on  Tee  rest  L.  With  left  hand 
on  holder,  as  shown,  press  floating  center  J'  against  dead  center 
and  with  the  right  hand  feed  drill  to  cut. 

In  the  absence  of  a  driU  holder,  center  end  of  drill  and  use  a 
dog,  as  at  M. 

Warning.  —  To  prevent  floating  center  or  driU  from  slipping 
off  dead  center  when  point  breaks  through  the  work,  press  hard 
against  dead  center.    To  neglect  this  often  ruins  driU  and  work. 

Attention.  —  Reamers  and  taps  are  also  held  with  this  drill 
holder.  The  floating  center  provides  a  center  hole  in  alinement 
with  the  point  of  drills,  reamers,  and  taps  that  are  not  centered. 

InfarmaHan,  —  Small  drills,  as  at  N,  Fig.  45,  may  be  conveniently 
held  for  chucking  by  fitting  a  chuck  to  the  f ootstock  spindle  of  a  speed 
lathe  or  engine  lathe. 

66.  To  tap  work  in  speed  lathe.  Fig.  46.  See  Tapping,  Prin- 
dplea  of  Machine  Work. — Place  tap  wrench  K  on  tap  L  and 
then  insert  in  hole  in  work  Af ,  held  in  chuck  N.  Guide  tap  by 
dead  center  0,  allowing  handle  of  wrench  to  bear  on  rest  P. 
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Rotate  work  by  pulling  belt  Q,  or  rotate  cone  R,  and  feed 
footstock  spindle  to  follow  up  tap  with  dead  center. 

Attention.  —  Carefully  follow  up  tap  with  dead  center,  as 
the  tap  will  break  if  it  slips  off. 

Important.  —  As  small  taps  break  easily,  it  is  best  only  to 
start  tap  in  the  lathe  and  then  finish  at  vise. 


Fia.  46.  —  Tappinq  in  a  Speed  Lathb. 


Fia.  47.  —  Threading  Work  in  Speed  Lathe  with  a  Die  bt  Hand. 

67.  To  thread  work  held  in  chuck  with  die  and  stock  by 
hand,  Fig.  47.  —  Chamfer  end  of  work  A,  held  in  chuck  B,  as 
at  C,  to  assist  starting  die  centrally.     Remove  dead  center, 
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insert  table  center  D,  place  muzzle  side  of  die   E  against 
work  (see  E')  and  handle  0  on  Tee  rest  H.     Feed  spindle  F 
in  until  D  presses  against  die  stock.     Rotate 
lathe  by  hand,  following  up  die  with  D  until 
thread  is  started.    To  terminate  thread  abruptly 
reverse  die. 

Attention,  —  The  work  must  be  adjusted  in 
chuck  to  run  true,  otherwise  die  will  cut  a  crooked 
thread. 

Warning. — Chamfer  ends  of  work  as  at  C,  Fig. 
47,  before  mounting  in  chuck. 


lO 


BROACHING  HOLES,  KETWATS  AND  SLOTS 

68.  Machine  broaching  is  a  process  used  in  pro- 
ducing non-circular  holes,  such  as  square,  hex- 
agonal, rectangular  and  irregularly-shaped  holes 
that  have  been  drilled,  cored  or  punched;  also  for 
cutting  slots,  keyways,  etc.  See  Chart,  Fig.  49. 
For  large  quantities  of  work,  the  broaching  pro- 
cess is  more  economical  than  the  production  of 
such  holes  by  milling,  slotting,  planing,  filing,  etc. 
One  or  more  long  cutters  called  broaches,  as  in 
Fig.  48,  are  drawn  through  a  drilled  or  cored  hole 
in  work  in  a  broaching  machine,  as  in  Fig.  51,  or 
one  or  more  short  broaches  are  forced  or  pushed 
through  in  a  press,  as  in  Fig.  53.  The  broach  is 
the  same  shape  as  the  cross  section  of  the  desired 
hole.  A  typical  square  machine  broach  is  shown 
in  Fig.  48.  Each  tooth  on  the  tapered  part  A  is 
from  .002'  to  .005'  larger  than  the  preceding  tooth 
and  gradually  changes  a  round  hole  to  a  square 
hole.  Part  Bis  straight  and  full  size.  The  broach 
is  fastened  in  the  broach  holder  C  by  key  D.  The 
threaded  end  E  is  screwed  into  the  end  of  the  driv- 
ing screw  on  machine.  Guide  bushing  F  centers  the  broach. 
A  sectional  view  of  a  broach  producing  a  square  hole  is  shown 
in  Fig.  50.  The  teeth  are  often  inclined  and  in  opposite  direc- 
tions on  the  sides,  and  may  be  undercut,  as  at  A,  to  give  rake  and 


Fig.  48.— 
Square 
Machine 
Bhoach. 
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FiQ.  49. 
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produce  a  shearing  cut.    Rounded  or  truncated  comers  should 
be  used  whenever  possible  as  sharp  comers  are  liable  to  break. 


Fia.  60. — Showinq  How  a  Broach  Cutb. 

A  broaching  machine  (draw-cut  principle)  is  shown  in  Fig. 
51  broaching  six  keyways  in  yoke  A  of  an  automobile  universal 


Fig.  51. — Broaching  Six  Kstwats  in  Yokb  for  Automobilb  Uni- 
versal Joint. 

joint  with  one  stroke  of  broach  B.  The  finished  hole  is  shown 
in  section  at  C  The  work  is  held  against  bushing  D  by  the 
pressure  of  the  cut. 
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69.  Preparation  of  holes  for  broaching. — Only  a  small 
amount  of  stock  should  remain  in  holes  to  be  broached.  Cored 
castings  and  drop  forgings  may  be  broached  successfully.  The 
amount  of  stock  that  the  broach  has  to  remove  is  reduced  by 
drilling  hole  C,  Fig.  50,  larger  than  desired  size  of  broached  hole 
B  which  leaves  sufficient  bearing  for  all  mechanical  purposes. 

Where  ke3rways  are  to  be  broached  in  the  work,  the  hole  is 
prepared  in  the  regular  way  by  reaming. 

60.  Cutting  speeds  for  broaching. — Nickel  steel  18  F.P.M.. 
machine  steel  and  wrought  iron  40  F.P.M.^  cast  iron,  malleable 
iron,  and  brass  108  F.P.M. 

61.  Lubricants  for  broaching. — For  steel,  wrought  and 
malleable  iron  the  broach  and  work  are  lubricated  with  lard  oil 

m 

or  a  good  lubricating  compound.  For  cast  iron  the  sides  of 
broach  may  be  lubricated  with  lard  oil  or  the  broach  may  be 
flooded  with  a  soap  mixtiu*e.  Brass  and  bronze  are  machined 
dry. 

62.  Hand  broaching  or  drifting. — A  plain  broach  or  drift  is 
used  for  bottom  hole,  as  the  socket  or  chuck  screw  wrench  in 

Fig.  52.    The  broach  at  A  And  A,  Fig.  53,  is 
<       C\     -^     made  of  carbon  steel  with  shank  to  fit  the 
LI  spindle  of  mandrel  press.    It  is  hardened, 

(^  tempered  and  ground  a  Uttle  smaller  at  B  than 

Fi  62  —Socket  ^^  ^  ^^^  clearance,  and  sharpened  by  grinding 
Wrench.  ^^^  ^-  The  hole  is  prepared  by  drilling 
slightly  larger  than  the  square  and  consider- 
ably deeper,  as  at  -E  and  E\  to  receive  the  chips.  The  socket 
wrench  F  is  held  by  holder  0  and  the  square  broach  is  then 
pressed  into  the  drilled  hole  as  shown  in  Fig.  53.  Small  broaches 
of  this  type  may  be  driven  in  with  a  hammer. 

63.  Improvised  broach  or  drift  —  For  small  bottom  holes  a 
broach  or  drift  may  be  made  by  grinding  a  chisel  to  a  desired 
shape  and  driving  it  into  a  drilled  hole  with  a  hammer. 

64.  Broaching  circular  holes,  Fig.  54.  —  Broaching  produces 
better  holes  in  bronze  and  brass  than  reaming  and  is  used  on 
some  classes  of  work. 

Broach  A  is  forced  through  bronze  bushing  B.    Cored  holes 
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MANDREL 
PRESS 


FiQ.  53. — BBOACHma  Wbbngh  in  Mandbbl  Press  With  Plain  Bboach. 


Fig.  54. — ^Bboachinq  Hole  in  Bronze  Bushing.    Belt  Power  Forcing 

Press. 
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require  two  or  more  broaches.  Holes  bored  nearly  to  size 
require  but  one.  Broaches  are  made  1/lW  oversize,  then 
hardened  and  ground  to  size.  For  finishing,  hole  is  .002^' 
undersize  and  leader  on  broach  must  fit  hole.  Broaches  are 
also  grooved  spirally  with  a  ratchet  thread.  Ratchet  groove 
on  broach  A  is  cut  60^,  making  perpendicular  tooth. 
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SECTION  6 

DRILLING  JIGS    BORING  BARS    ECCENTRIC 
TURNING 

DrnUng  Jigs  and  Multiple-Siiindle  Drilling  Machines.    Radial  Drilling 

Machines.    Boring,  Boring  Bars  and  Boring  Machines.     Vertical 

Boring  and   Reaming.    Taper   Holes,   Taper  Reamers  and 

Spindle     Making.  .  Magnetic     Chucks.    Steady     and 

Follower  Rests.    Eccentric  Taming.     Nurlhig. 

DRILLING  JIGS,  AND  MULTIPLE^PINDLE  DRILLING 
MACHINES 

1.  The  demand  for  machinery  with  interchangeable  parts 
has  compelled  builders  to  design  drilling,  milling  and  planing 
jigs,  gages,  and  templets  to  produce  standard  and  duplicate 
parts  accurately  and  economically.  See  Precision  Methods  of 
Locating  Holes  for  Jigs  and  Accurate  Machine  Parts,  pp.  1248- 
1263. 

2.  Drilling  jigs  are  fixtures  carefully  made  with  hardened 
bushings  to  guide  drills,  reamers,  etc.,  so  that  their  operation 
shall  be  the  same  on  each  piece.  They  may  be  divided  into 
about  five  classes,  and  each  class  is  best  adapted  to  some  par- 
ticular kind  of  work. 

I.  Plate  jigs  are  used  for  fianges,  machine  frames,  etc. 
See  pp.  602,  603. 

II.  Solid  jigs  are  used  for  work  that  can  be  readily  clamped 
to  jig  body.  These  jigs  are  preferred  by  some  for  general 
work.    See  pp.  609,  6l0. 

III.  Box  jigs  are  used  for  general  work.  The  work  is  placed 
in  a  box,  the  hinged  cover  closed  and  fastened  and  the  work 
held  in  place  by  binding  screws.     See  pp.  604, 606. 

IV.  Rotary  jigs  are  for  work  where  the  jig  is  too  heavy  to 
be  easily  turned  over  at  the  drilling  machine.  The  jig  con- 
sists of  a  box  mounted  on  trunnions  to  facilitate  revolution. 

V.  Multiple  jigs  are  for  work  that  is  to  be  index-drilled. 
The  bushings  are  placed  in  a  turret  head. 

3.  An  improvised  jig  or  templet.  —  To  drill  and  ream 
bolt  holes  B,  C,  and  D,  Fig.  1,  equidistant  in  two  or  more 
fianges:  First,  lay  out,  drill,  and  ream  one  fiange  carefully. 
Next,  clamp  one  drilled  fiange  to  another  in  the  way  they  are 

6oi 
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•     Fig.  1.  —  CouPLiNQ  Flangb. 

to  fit,  and  insert  a  plug  or  mandrel  through  centers  A  to 
aline  them.  Drill  and  ream  holes  in  the  other  flange.  Other 
methods  are  to  drill  both  flanges  then  ream  together,  or  drill 
and  ream  in  pairs. 

4.  Plate  (flange)  drilling  jig.  Fig.  2,  is  a  cast-iron  disk  E 
supplied  with  a  plug  FO  to  aline  flange  and  jig,  a  hardened 


Fig.  2.  —  Flangb  Drilling  Jig.  (Plate  Jig.) 

steel  drill  bushing  H  and  reamer  bushing  J.  Plug  T  is  for 
alining  drill  and  jig  and  plug  W  to  prevent  relative  movement 
of  flange  and  jig. 
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6.  To  use  flange  jig.  Fig.  3.  —  Place  flange  K  on  parallel 
pieces  L  and  M,  with  jig  N  on  top  of  flange;  clamp  lightly  by 
strap  P,  block  Q,  and  bolt  R  to  table  S.  Aline  jig  and 
drill  spindle  with  plug  T,  Pig.  2,  moving  work  by  rapping 
with  a  soft  hammer  until  the  plug  will  enter  bushing  exactly 
central ;  clamp  firmly.     Drill  hole  with  reamer  drill  U.    Substi- 


y 


iLOOK  •21-T 

Q  STRAP      R 


Fig.  3.  —  Drillinq  and  Rxaminq  with  Flange  Jig. 

tute  reamer  bushing  J'  for  drilling  bushing  H\  and  ream  with 
fluted  reamer  V.  Place  plug  W,  Fig.  2,  in  first  hole  to  keep 
jig  and  flange  in  alinement  as  at  W,  Fig.  3,  while  drilling 
and  reaming  second  and  third  holes..  Reverse  jig  to  drill  the 
second  flange. 

6.  Drilling  and  tapping  engine  cylinder  heads.  —  When 
two  pieces  of  work  are  to  be  clamped  together  with  cap  screws 
or  stud  bolts,  as  a  cylinder  and  cylinder  head,  two  removable 
bushings  are  required  for  the  jig;  the  first  with  body  drill 
holes  for  the  head,  the  second  with  tap  drill  holes  for  the 
cylinder.  To  tap  the  holes  by  hand,  a  tap  bushing  is  some- 
times used  to  guide  the  tap.  See  Automatic  Tapping  Attach- 
ment, Fig.  6. 

7.  Hultiple-spindle  drilling  machines  are  used  to  save  time 
in  changing  drills,  reamers,  and  counterbores,  in  moving  work 
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from  one  machine  to  another,  as  is  necessary  with  a  one-spin- 
dle drilling  machine.  One  spindle  holds  a  tap  drill,  another  a 
body  drill,  another  a  counterbore,  etc.,  all  running,  and  the  work 
is  moved  along  the  table  from  one  spindle  to  another  without 
stopping  the  machine.     See  Figs.  4  and  8. 

8.  Box  jigs  are  used  to  further  increase  the  rapidity  and 
accuracy  of  drilling,  reaming,  tapping,  and  counterboring. 

The  work  is  locked  in  a  box  provided  with  accurately 
machined  bearings  to  rest  on  the  drilling  table.  The  jigs  are 
made  heavy  and  are  held  in  position  by  their  own  weight,  thus 
saving 'the  time  that  would  be  consumed  in  clamping  and 
alining. 

9.  To  drill  and  ream  bolt  holes  in  coupUng  flange  with  a 
box  jig  and  a  two-spindle  high-speed  drilling  machine,  Fig.  4. 


Fig.  4.  —  Drilling  and  Reaming  Holes  in  Ck>nPLiNa  Flange 
WITH  Box  Jig. 
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SCHEDULE  OF  OPERATIONS 


H'  HighHq)eed  steel  drill, 
600  R.P.M. 
Timtf  6  min. 


I'  Hi£^-speed  steel  reamer, 
400  R.P.M. 


1.  Place  box  jig  A  on  table. 
Insert  drill  B  and  reamer  C,  C  in 
spindles. 

Locate  heads  D  and  E  on  col- 
umn and  clamp  stops  F  and  G  on 
spindles  to  limit  travel  of  drill  and 
reamer  as  tested  by  passing  drill 
and  reamer  through  bushing  into 
empty  jig,  or  test  drill  and  reamer 
by  lines  placed  on  outside  of  jig 
which  indicate  position  of  bui^- 

.  Place  flanged  in  jig  with  hub  up, 
andaecure  with  button  J  and  screw 
K.    Start  machine  by  shipper  L.  * 


2.  With  left  hand  move  jig 
to  aline  drill  bushings  with  drill. 
Use  lever  feed  M  and  drill  three 
holes. 

3.  Turn  jig  over  as  shown, 
dotted,  at  A'. 

4.  Ream  the  holes,  using  lever 
feed  N,  P  shows  position  of 
flange  as  it  is  reamed,  and  Q  shows 
two  flanges  bolted  together. 

AUerUion,  —  Stop  G  must  check 
reamer  before  it  strikes  drill  bush- 
mg  or  reamer  and  bushing  will 
be  spoiled. 


Important.  — A  reamer  tapered  at  the  end  has  a  tendency  to  follow 
the  drilled  hole.  Jig  reamers  are  beveled  at  the  point,  as  at  C,  Fig. 
4y  to  correct  the  error  of  the  hole  when  used  in  a  jig,  see  F,  p.  820. 

Note.  —  Before  placing  jig  on  table,  and  before  turning 
jig  over,  brush  oflf  table. 

To  prevent  abrasion  of  bushings,  drill,  and  reamer,  apply  a 
little  oil  with  finger  to  upper  part  of  drill  and  reamer. 

10.  Box  jig  for  pieces  to  be  drilledi  reamed,  and  tapped 
in  different  directions.  Fig.  5. 

SCHEDULE  OF  PARTS 


A  —  Box  jig  for  pieces  to  be 
drilled,  reamed,  and  tapped  in 
different  directions. 

B  —  Duplicate  of  work  held  in 

C  —  Cover  held  in  place  by 
thumb  nut  D. 

E  and  E'  —  Two  of  the  binding 
screws  for  adjusting  work  m  jig. 


F  — Table. 

G  —  Hole  in  piece  B  that  is 
being  drilled  in  the  duplicate. 

H  —  Drilling  bushing. 

K  —  Reaming  bushing  put  in 
position  after  drilling. 

L  —  Drill  A''  small  to  allow 
for  reaming. 
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FiQ.  5. — A  Box  JiQ  FOR  Drilling,  Reaminq,  and  Tapping  in 
Different  Dirbctionb. 


RADIAL   DRILLING   MACHINES 

11.  Radial  drilling  machinesi  commonly  called  radial  drills^ 
differ  from  vertical  drilling  machines  in  that  the  drill  is 
moved  to  aline  with  the  work,  which  is  more  convenient  for 
large  work,  such  as  machine  frames,  that  cannot  be  moved 
easily. 

A  plain  radial  drilling  machine  can  be  used  only  for  vertical 
drilling,  while  a  universal  radial  driUing  machine  may  be  used 
not  only  for  vertical  drilling  but  may  be  adjusted,  also,  to 
drill  at  almost  any  angle  and  used  with  hand  or  power  feed. 
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12.  Plain  radial  drilling  machine,  Fig.  6. 


HA&IAL  ARM 

A 

I 


STl/0 
SOCKET 


Fio.  6.  —  Drilunq,  AxrroMATic  Tapping,  and  Stud  Settinq. 
SCHEDULE  OF  PARTS 


A  —  Radial  arm;  may  be 
swimg  around  colimm  by  hand, 
and  raised  up  or  down  by  power. 

B  —  Column. 

C  —  Spindle  head ;  may  be 
moved  back  and  forth  on  arm  A. 

D — Spindle ;  may  be  moved  up 
and  down  in  head  C  by  hand. 


E  —  Lever  for  quick  move- 
ment of  spindle  D. 

F-— Hand  wheel  for  slow 
movement  of  spindle. 

G  —  Knob  operating  clutch 
throwing  "  m  "  or  "  out "  power 
feed. 

fT—Drillingtableforlightwork. 

K — Base  table  for  heavy  work. 
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13.  Automatic  tapping  attachment,  friction  drive  is  shown 
at  1,  Fig.  6,  fitted  to  the  spindle  of  a  radial  drilling  machine 
for  drilling,  tapping,  and  setting  studs  in  an  enjgine  cylinder 
2,  without  stopping  or  reversing  the  drill  spindle.  Socket  3 
holding  tap  drill  4  is  used  to  drill  the  hole,  and  is  followed  by 
tap  5  in  tap  socket  6,  which  in  turn  is  replaced  by  stud  socket 
7  that  sets  stud  8  in  place.  Shell  9  holds  reversing  mechanism 
and  is  kept  from  revolving  by  rod  10  resting  against  rod  11. 
The  attachment  holds  drill  sockets  and  will  drill  holes  in  the 
regular  way.  To  tap,  press  spindle  D  downward  by  hand  lever 
E  until  the  tap  reaches  the  bottom  of  the  hole  as  indicated 
by  the  slip  of  the  friction  drive,  then  raise  handle  £?,  which 
throws  in  the  reversing  mechanism  and  backs  out  the  tap. 
After  setting  stud  8,  raise  handle  E  to  back  off  holder  13, 
leaving  stud  8  in  cylinder  2.    See  Principles  of  Machine  Work. 

With  some  stud  holders,  stud  8  is  released  by  rapping  pin  12 
lightly  with  a  hammer  before  reversing  the  holder;  on  others, 
the  release  of  stud  is  obtained  by  a  stud  nut  which  operates 
on  the  principle  that  the  coarser  threads  of  the  holder,  when 
reversed,  will  release  the  finer  threads  of  the  stud.  The  cyl- 
inder is  clamped  to  base  table  K  at  14. 

Attention.  —  The  studs  may  be  set  to  project  to  any  uniform 
height  by  using  a  gage  block  between  stud  holder  and  cylinder. 

Note.  —  Cap  screws,  nuts,  and  slotted  screws  may  be  set  in 
like  manner  by  using  special  wrenches  and  screw  drivers. 

14.  Jig  vise.  — In  the  absence  of  a  regular  jig,  duplicate 
work  of  certain  classes  may  be  done  with  the  aid  of  a  jig  vise 
as  in  Fig.  7.  To  use  this  vise  lay  out  and  drill  one  piece 
and  use  it  as  a  gage  by  which  to  set  the  stop  and  jig  plate. 
Vise  A  is  heavy  and  rests  without  clamping  on  table  B  of 
drilling  machine  C.  Work  D  is  set  against  adjusting  stop  E 
and  clamped  by  setting  up  sliding  jaw  F  with  lever  G.  Jig 
plate  H  carrying  removable  bushing  K  is  then  adjusted  to 
the  desired  position  for  the  hole  and  clamped  to  fixed  jaw 
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of  vise.  A  radial  drilling  machine  being  used,  spindle  L  and 
drill  M  may  be  moved  to  suit  the  position  of  work.  Cylin- 
drical distance  gage  Nt  cut  to  its  center,  is  sometimes  used  to 
set  the  center  of  the  hole  in  the  jig  a  given  distance  from  the 
fixed  jaw. 


Fig.  7.  —  Drilling  with  Jig  Visb. 


16.  To  drill  and  counterbore  duplicate  parts.  —  In  Fig.  8, 
a  multiple-spindle  drilling  machine  is  arranged  to  drill  and  spot 
face  casting,  as  A,  A'  held  by  jig  B,  Insert  drill  C  in  spindle  D 
and  drill  a  hole  until  arrested  by  stop  E.  A  smaller  drill  in 
spindle  F  finishes  the  hole  as  shown  in  section  at  F'.  The 
jig  is  turned  over  and  drill  Q  used  to  drill  the  holes  in  lugs 
H  and  H'  through  bushings  K  and  K'.    Counterbore  L  is 
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fitted  to  spindle  M  for  spot  facing  lugs  H  and  H'  for  the 
screw  or  bolt  heads.  Fixture  N  of  the  jig  is  used  to  clamp  the 
rod  of  the  other  half  of  the  strap  while  it  is  being  drilled. 


Fio.  8.  —  Drilling  and  Countbrboring  Dupucatb  Pabtb. 


BORING,  BORING  BARS  AND  BORING  MACHINES 

16.  To  bore  a  cylinder  or  holes  in  frame  of  machine  where 
it  is  not  practicable  to  use  drill  or  boring  tool,  a  boring  bar 
and  cutter  is  used. 

17.  Three  tjrpes  of  boring  bars  are  the  fixed  cutter,  Fig.  9, 
traveling  head,  Figs.  11  and  12,  and  sUding  bar,  Figs.  15,  17. 

18.  Fixed  cutter  type  of  boring  bar  boring  cylinder.  Figs. 
9,10. 
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Fig.  0.  —  BoBiNQ  Oyundbr  with  Fixed  Cutter  Bobino  Bab  in 
Enginb  Lathe. 

SCHEDULE  OF  PARTS 


Boring  bar  A  is  mounted  on 
centers  of  an  engine  lathe  to  bore 


h 

E 

V 

H 

\ 



\ 

Fig.  10.  —  Boring  Bar  Cutters. 

cylinder  B,  Double-end  high- 
speed finishing  cutter  C,  detail  C", 
Fig.  10,  is  used.  Bar  is  filed  at 
D,  D',  Fig.  9,  and  cutter  at  E, 


E\  Fig.  10,  to  set  cutter  true. 
Cutter  is  fastened  by  key  F, 
turned  on  top  and  face,  clear- 
ance filed  as  at  G,  G',  Fig.  10, 
hardened  and  tempered.  The 
bore  is  first  roughed  out  with 
double-end  cutters  to  within  ^'^ 
or  ^"  (A  size  or  with  a  single-end 
roughing  cutter  H,  Fig.  10,  cut- 
ting point  at  /. 

Single-end  cutters  of  high-speed 
steel.  Fig.  13,  of  round  stock,  for 
roughing  and  finishing,  fastened 
by  set  screw  and  adjustable,  are 
often  used.  The  cylinder  is  set 
on  parallels  /,  J'  and  clamped  to 
carriage  X. 

A  suitable  speed  and  feed  are 
used. 


Information.  —  Cylinders  are  set  true  with  bar  by  using 
inside  calipers  to  test  work  and  bar  at  either  end,  or  by 
fastening  piece  of  wire  in  head  in  place  of  one  of  cutters  and 
revolving  bar,  testing  cylinder  at  both  ends  and  adjusting. 
When  set  true,  cylinder  is  securely  fastened.  The  screws  may 
be  slacked  slightly  for  finishing  cut. 
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19.  Continuous  finishing  cut.  —  The  machine  should  not 
be  stopped  during  finishing  cut  as  change  in  size  of  work 

by  expansion  and  contraction 
caused  by  heat  generated  by  cut, 
combined  with  spring  of  bar  will 
make  a  ridge  wherever  cutter  is 
stopped  and  a  second  cut  may  be 
necessary. 

20.  Boring  heads. — For  holes 
too  large  for  boring  bar,  boring 
heads  of  different  sizes  with 
adjustable  multiple  cutters  A, 
By  C,  Fig.  11,  are  used. 

21.  Traveling  head  type  bor- 
ing bar  boring  cylinder.  Figs.  12,  13. 


Fig.  11.  —  BoRiNQ  Head  with 
ELiGH-sFEED  Steel  Cutters. 


Fig.  12. — Boring  Engine  Cyundeb  with  Travblinq  Head 
Boring  Bar  in  Engine  Lathe. 
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Pig.  13.  —  Cutters  fob  Travelino-Head  Boring  Bab. 


SCHEDULE  OF  PARTS 


Boring  bar  A  is  mounted  on 
centers  to  bore  cylinder  B. 

Traveling  head  C  carries  cut- 
ters as  at  D.  Head  is  fed  along 
bar  by  feed  screw  E  operated  by 
gears  F  meshing  with  stationary 
gear  O  fast  to  dead  center. 


Several  cutters  may  be  used, 
held  by  set  screws  H.  Roughing 
and  finishing  cutters  are  shown 
at  K,  L,  Fig.  13. 

Special  fixtiu-es  Af ,  Af '  for  hold- 
ing cylinder,  are  bolted  to  lathe 
bed. 


See  Heavy  Duty  Boring,  Facing  and  Turning,  p.  1439. 

22.  Portable  boring  machines  are  obtainable  for  use  when 
it  is  more  convenient  to  take  machine  to  work;  and  for  re- 
boring  large  cylinders,  and  work  of  that  class,  in  place. 


Fig.  14.  —  To  Face  and  Turn  Cyunder  Ends  on  * 'Built-up" 
Mandrel. 
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23.  Radial  facing  or  turning  ends  of  cylinders. — After 
boring,  small  cylinders  are  sometimes  placed  on  built-up 
mandrels  mounted  on  lathe  centers,  as  at  A,  Fig.  14,  and  the 
ends  squared  with  lathe  tools.  Mandrel  consists  of  shaft  B, 
two  large  collars  C  and  C  which  are  fastened  by  screws  D 
and  D\  Collars  are  turned  slightly  taper  to  fit  counterbored 
portions  E  and  E'  of  cylinder. 


Fig.  15.  — Facinq  Labqb  Ctlindbiu 


A  facing  arm  may  be  clamped  upon  an  ordinary  boring 
bar  for  facing  cylinders. 

A  compound  rest,  or  any  slide  that  will  carry  a  cutter,  may 
be  clamped  to  lathe  face  plate  and  operated  by  hand  or  star 
feed. 

24.  Radial  facing  ann  with  star  feed,  Fig.  15. 
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SCHEDULE  OF  OPERATIONS 


Radial  facing  arm  A  is  at- 
tached to  nose  of  apindle  of  bor- 
ing machine. 
Cylinder  B  clamped  to  table  C  is 


bored  with  sliding  bar  D,  sliding 
in  headstock  spindle  E. 

Tool  block  F  carries  tool  holder 
0  and  cutter  H. 


Feed  is  obtained  by  star  wheel  K  striking  pin  L  on  bracket 
M  at  each  revolution  of  radial  facing  arm.  To  feed  in  oppo- 
site direction,  pin  U  is  used.  To  turn  outside  of  flange,  as 
at  N,  tool  block  is  set  parallel  to  bar,  and  feed  obtained  by 
wheel  P  and  pin  Q.    Cylinder  is  clamped  as  at  i2  and  S, 

As  a  time  saver,  a  similar  radial  facing  arm  is  sometimes 
used  on  opposite  end  and  both  ends  faced  and  cylinder  bored 
simultaneously. 

26.  Drilling,  reaming  and  counterboring  in  horizontal  bor- 
ing machines.  Fig.  16.      Bracket  casting  A,  is  faced  and 


0OUNTKR»OII& 

FlQ.   16.  —  DbILLXNO,    RiDAMINQ    AND   COUNTBBBOBINO   IN    HOBUBONTAL 
BOBINQ  MACmNB. 


bolted  to  angle  plate  B.  If  casting  A  is  solid;  the  hole  is 
drilled  with  two-groove  twist  drill;  if  cored,  with  three-  or 
four-groove  twist  drill  C,  reamed  with  floating  reamer  D,  and 
faced  to  length  with  counterbore  E.  The  floating  reamer  has 
side  or  floating  movement  and  will  produce  a  true  hole. 
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26.  Sliding  bar  type  boring  bar»  Fig.  17. 


MiAorrooK 


REAHEft  fiAR  DRAW  CUT 


Fig.  17.  —  Aunembnt  and  Parallel  Boring  and  Reaming. 
Horizontal  Boring  Machine. 


SCHEDULE  OF  PARTS 
Parallel  Boring    Alinement  Boring  and  Reaming 


Frame  casting  A  is  bolted  to 
table  of  horizontal  boring  ma- 
chine. Cored  holes  B^  B'  and 
C,  C,  are  bored  and  reamed  par- 
allel to  each  other. 

Circles  are  described  about 
holes.  Boring  bar  D  held  in 
sliding  spindle  E^  is  supported  in 
bushing  F'  in  yoke  G. 

Holes  are  rough  and  finish 
bored  with  cutter  H,  and  line- 


reamed  with  shell  reamers  sup- 
ported on  bar  K,  Bar  is  held  by 
key  L  and  drawn  in  direction  of 
arrows. 

Holes  C,  C,  are  bored  and 
reamed  exact  distance  from  B 
and  B'  by  raising  bed  required 
number  of  thousandths  as  indi- 
cated by  dial  graduated  to  read 
to  one-thousandth  of  an  inch. 


See  Horizontal  Boring  Machine,  p.  1439. 
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VERTICAL  BORING  AND  REAMING 

27.  Vertical  drilling  machineSy  radial  drilling  machines 
and  vertical  boring  mills  are  used  for  vertical  boring  and  ream- 
ing holes  in  alinement  in 
frames  of  machines,  small 
cylinders,  etc.  Holes  are 
cored  nearly  to  size  then 
bored  with  boring  bars  and 
reamed  with  special  or  shell 
reamers.  The  boring  bar 
has  taper  shank  to  fit  slid- 
ing spindle  of  machine,  and 
lower  end  is  straight  to  run 
in  guide  bushing  fitted  to 
hole  in  table  or  base. 
Work  may  be  held  in  jigs, 
fixtures,  or  clamped  to 
table  or  base  of  machine. 

28.  Shell  reamers  are 
hollow  reamer  heads  fitted 
to  an  arbor.  One  arbor 
can  be  used  for  a  number 
of  sizes.  They  are  obtain- 
able to  5"  diameter,  fluted, 
rose  and  adjustable,  with 

straight  or  spiral  teeth,  and  ^  ^         ^ 

.  1  •       i_     1  •  Fig.  18.  —  Bobinq  Tapbb  Hole. 

are  much  used  m  chucking  xo.     x^  «     uue., 

lathes,  horizontal  and  vertical  boring  machines,  boring  mills, 
etc. 

29.  Boring  taper  holes  with  boring  bar,  Fig.  18. 


SCHEDULE  OF  PARTS 


Taper  hole  in  milling  machine 
frame  is  bored  with  taper  boring 
head  A.  Holes  B  and  C  are  first 
bored  straight.    Hole  B  is  then 


step  bored.  Slide  D  carries  cut- 
ter E,  which  is  fed  downward  by 
star-feed  mechanism  F,  G,  H. 
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30.  Boring  taper  holes  with  boring  bar  in  lathe.  —  Large 
cored  work  may  be  bored  taper  by  clamping  to  lathe  carriage 
or  in  steady  rest,  and  bored  with  traveling  head  boring  bar. 
A  special  center  is  clamped  to  face  plate  a  calculated  distance 
from  line  of  centers.  Bar  is  mounted  on  special  live  center 
and  dead  center.  One  cutter  is  used.  In  principle  this 
method  is  similar  to  taper  boring  head. 

31.  Hand  alinement  reaming  with  shell  reamer.  Fig.  19. 


Fig.  19.  —  Hand  Alinement  RoAMiNa. 


SCHEDULE  OF  OPERATIONS 


1.  —  Bore    taper  hole  A   and 
straight  hole  B  in  alinement. 

2.  —  Place  bushing  C  in  lower 
hole  to  aline  reamer  bar  D. 

3.  —  Ream  taper  hole  A  with 


reamer  E  then  remove  both  C 
and^. 

4.  —  Place  taper  bushmg  F  in 
hole  A  and  reamer  Q  on  bar,  and 
ream  hole  B, 


32.  Power  alinement  reaming  with  jig,  Fig.  20. 


SCHEDULE  OF  OPERATIONS 


1.  —  Place  frame  casting  A  in 
jig  B  and  drill  holes  C  and  C 

2.  —  Bring  reamer  bar  D  and 
shell  reamer  E  down  part  way. 

3. — Place  shell  reamer  E*  and 


its  driving  collar  F  in  position 
and  adjust  bushings  Q  and  Q'  to 
keep  reamer  bar  in  alinement. 
4.  —  Ream  both  holes  at  once. 
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Fia.  20.  —  Power  Alinement  Reaming. 

TAPER   HOLES,   TAPER   REAMERS  AND   SPINDLE   MAKING 

33.  Small  taper  holes  are  n^ade  by  drilling  a  straight  hole 
slightly  smaller  than  diameter  of  small  end,  then  reaming  with 
roughing  and  finishing  taper  reamers.  Large  taper  holes  are 
made  by  boring  and  reaming,  or  boring  without  reaming. 


FiQ.  21.  —  Taper  Reamers. 
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34.  Taper  reamers  A  and  JB,  Fig.  21,  obtainable  in  Morse 
and  Brown  &  Sharpe  tapers  and  also  in  special  tapers  for 
spindles,  sockets  and  collets.  Fig.  22.  is  a  stepped-roughing 
reamer  for  large  holes. 


SECTION 


j^^ 


Fig.  22.  —  Stepped  Roughing  Taper  Reamer. 

36.  Stepping  work  for  taper  holes.  —  Above  2"  at  small 
end,  taper  holes  are  stepped  with  drill  or  boring  tools  to  re- 
move stock,  as  in  Fig.  23,  or  bored  with  taper  boring  head. 


Lb 


IK 


mypwm 


^m 


Fig.  23. — Stbp-Bobinq  for  Taper  Holbb. 

86*  Boring  taper  holes.  —  Instead  of  stepping  hole,  it  may 
be  bored  to  required  taper  with  taper  attachment  or  compound 
rest  and  may  or  may  not  be  reamed. 
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37.  Taper  plug  and  ring  gages  are  used  for  standardissing 
taper  holes  and  shanks,  diameters  and  lengths.  See  Morse 
tapers,  pp.  233,  234,  Brown  &  Sharpe  tapers,  pp.  233,  235. 
Spindle  A,  Fig.  24,  is  reamed  until  line  B  of  gage  C  is  even 
with  end. 


( 


MILUNO  MACHINE  SPINDLE 


Fig.  24.  —  Taper  Pluq  Gagb. 


Shank  1,  Fig.  25,  of  arbor  2,  is  filed  or  ground  to  fit  gage  3 
until  end  is  even  with  end  of  gage  at  4.  The  fiat  portion  at  5 
is  the  gage  for  milled  tang.  Line  6  gives  reamer  depth;  line 
7,  plug  depth.    The  gage  is  adjustable  to  compensate  for  wear. 
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TAPER  SHANK 

Fig.  25.  —  Taper  Ring  Gags. 


88.  Stub  mandrel}  Fig.  26,  is  used  for  spindles  and  drill 
sockets  which  have  to  be  turned  after  taper  hole  is  reamed. 
The  body  is  accurately  ground  to  fit  taper  hole  in  spindle  B. 


Fig.  26.  —  Stub  MakbIiel  fob  Tapes  Work  in  Bpindlb  or  Socket. 
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39.  To  make  small  lathe  spindle,  Fig.  27. 


Fig.  27.  —  Chucking  Spindle. 

Specifications:  Material,  crucible  steel  spindle  forging  i" 
to  i"  large. 

Machines  and  tools :  Engine  lathe,  holder  and  cutter,  caU- 
pers,  rule,  micrometer,  steady  rest,  drills,  roughing  and  finish- 
ing taper  reamers,  proof  bar,  test  indicator,  center  scraper, 
stub  mandrel,  spring  dog,  threading  tool,  universal  grinding 
machine. 

SCHEDULE  OF  OPERATIONS 


L  Preparing  blank.  Center, 
square  to  length,  rough  turn  all 
diameters  tV"  large,  turn  and  file 
spot  on  nose-end  of  spindle  for 
steady  rest. 

n.  Mounting  in  steady  rest. 
Clamp  steady  rest  A,  Fig.  27,  to 
lathe  bed.  Mount  spindle  B  on 
centers  and  adjust  jaws  CCC  to 
spot,  fasten  spring  dog  D  to  face 
plate  and  secure  dog  E  (or  tie  dog 
to  face  plate  with  belt  lacing)  to 
hold  spindle  on  hve  center. 
Move  dead  center  away  from 
work. 

in.  Drilling  and  reaming  hole. 


Drill  hole  in  spindle  B  proper  size, 
deeper  than  required  depth  of 
reamer  hole,  power  ream  with 
roughing  taper  reamer  F,  Hand 
ream  taper  hole  carefully  at  vise 
with  finishing  reamer. 

IV.  Testing  truth  of  hole  with 
proof  bar  and  indicator.  Place 
tapered  end  of  proof  bar  H  in 
spindle  and  mount  on  centers,  as 
in  Fig.  28.  Adjust  feeler  K  of 
indicator  to  proof  bar,  rotate  spin- 
dle by  hand  and  determine  error. 

V.  Correcting  error.  Remove 
spindle  from  lathe  and  scrape 
center  hole  on  side  where  spindle  is 
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most  eccentric,  with  center 
scraper.  Test  again.  Repeat 
process  until  error  is  less  than 
.001". 

VI.  Mount  opposite  end  of  spin- 
dle in  steady  rest.  Insert  stub 
mandrel,  as  in  Fig.  26,  reverse 
spindle  in  lathe,  turn  and  file  spot 
on  spindle  near  dead  center  for 
steady  rest.  Adjust  steady  rest 
to  spot  and  secure  work  on  live 
center. 

Vn.  Drill  hole  through  spindle. 
Drill  hole  through  spindle  to  meet 


hole  in  opposite  end.  Center  and 
fit  plug  to  hole. 

Vm.  Test  Again  use  proof 
bar.  Mount  on  centers,  test  and 
correct  as  in  V. 

IX.  Finish  bearings.  Placa 
stub  mandrel  again  in  taper  hole. 
Mount  on  centers,  turn  and  grind 
all  bearings,  and  thread  nose  of 
spindle. 

Attention.  —  Solid  spindles  are 
slotted  at  end  of  taper  hole  to 
allow  use  of  center  key  to  force 
out  arbor  or  center. 


Fia.  28.  —  Testing  Spindlb. 


FiQ.  29.  ^  Facing  Piston  Ring.    Held  with  Magnetic  Chuck. 
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40.  To  make  large  spindles,  first  turn  and  fit  all  bearings, 
then  mount  in  its  own  bearings  and  drill  straight  hole  through 
it.  Bore  taper  hole  in  end,  either  with  taper  attachment  or 
compound  rest,  finish  with  hand  reamer. 

MAGNETIC  CHUCKS 

41.  Magnetic  chucks  are  used  to  hold  accurately  by  mag- 
netic attraction  thin  work  to  be  finished,  as  iron  or  steel  disks, 
rings  and  parallels.  These  chucks  are  best  adapted  for  surface 
and  cylindrical  grinding  machines,  but  may  be  applied  to  any 
machine  tool.    See  pp.  802-804. 

Note.  —  Magnetic  chucks  always  require  direct  current. 

42.  Lathe  magnetic  chuck,  Fig.  29,  shows  magnetic  rotary 
chuck  A,  applied  to  an  engine  lathe.  Projecting  from  back  of 
chuck  shell  are  two  insulated  brass,  or  copper,  contact  rings 
(not  shown)  to  connect  a  direct  current  circuit  with  the  coils  of 
the  electro-magnet  system  in  the  rotating  chuck.  Bracket  B 
is  fastened  to  headstock  of  lathe  and  carries  at  one  end  fiber 
collars  C  and  brushes  D,  which  bear  against  contact  rings. 
Bracket  B  is  also  fastened  to  switch  E  which  is  opened  and 
closed  by  handle  F.  The  switch  is  connected  at  one  end  to 
brushes  and  at  other  end  to  supply  wire  G.  The  chuck  is  sup- 
plied with  detachable  face  plate  H.  This  face  plate  is  made  up 
of  magnetic  poles  JJ  and  J' J',  adjacent  segments  being  of 
opposite  polarity.  The  spaces  between  the  poles  are  filled  up 
by  non-magnetic  metal  to  give  a  continuous  even  surface.  The 
arrangement  of  these  magnetic  poles  may  be  varied  for  different 
classes  of  work  and  to  accommodate  the  exciting  coils  within 
the  chuck. 

In  Fig.  29,  edge  of  piston  ring  K,  is  being  faced  with  tool 
L.  The  piston  ring  is  turned  inside  and  outside  and  finished 
on  one  side  in  usual  way,  then  cut  off  a  little  oversize. 

The  finished  side  is  held  against  magnetic  chuck  and  handle 
F  swimg  downward  closing  circuit,  as  in  full  lines,  and  the 
rough  side  faced  smooth  to  size  and  perfectly  parallel.  To 
release  ring,  handle  F  is  swimg  upward  breaking  circuit  as 
dotted  at  F\  To  avoid  slipping  under  heavy  cut,  stops, 
M,  AT,  M,  M,  are  placed  against  ring. 
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43.  Magnetic  planer  chuck.  —  Fig.  30  is  used  to  hold 
work  to  be  finished  in  iron  or  steel  by  magnetic  contact. 
It  is  adapted  to  thin  work  that  cannot  be  accurately  held  by 
other  methods. 


CAIT  IRON 
SH£Alt 


MAQNCTIC  PLAHER 
CHUCK 

4 


FiQ.  30.  —  HoLDiNQ  Planbr  Work. 

Magnetic  chuck  A  is  clamped  to  planer  table  and  arranged 
to  hold  pieces  B.  The  pieces  are  separated  about  ^"  by 
non-magnetic  material,  as  brass,  wood  or  fiber,  otherwise 
holding  action  will  be  weakened.  The  direct  current  is  sup- 
plied by  wire  C,  and  switch  D  is  closed  to  grip  work  and 
opened  to  release  it.  Lamp  E  indicates  whether  current  is  on 
or  off. 

44.  To  demagnetize  work,  Fig.  31. — Hardened  steel  and, 
to  some  extent,  cast  iron,  coming  in  contact  with  magnetic 
chucks,  becomes  permanently  magnetized.  To  demagnetize 
work,  start  demagnetizer  A  (1200  R.P.M.)  and  place  work 
B  on  plates  C,  C.  Then  vibrate  work  upward  \"  to  2" 
from  plates  as  shown  dotted  at  B\  and  replace  on  plates. 
Repeat  operation  several  times.  The  action  of  the  demag- 
netizer is  to  magnetize  the  piece  of  steel  alternately,  in  both 
directions.    As  the  piece  of  steel  is  moved  out  of  its  influence, 
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the  steel  is  magnetized  a  little  less  each  time  the  magnetism  is 
reversed. 

?!  .:^""-,.^^^  Attentian.  —  An    improvised 

.14  '  *'  demagnetizer  may  be  made  with 
a  coil  of  wire  using  A.  C.  cm*- 
rent  at  60  cycles:  The  steel  is 
placed  in  the  coil  and  then 
moved  slowly  out.  This  will 
demagnetize  a  watch  perfectly. 

46.  Electrical  units. — 
Volt. — The  imit  of  electro- 
FiQ.  31.— DBMAGNBTiziNa  Stbbl    i^otive    forcc    (E.M.F.).     The 
OR  Cast  Iron.  force  required  to  send  one  am- 

pere of  current  through  one  ohm  of  resistance. 

Ampere.  —  The  unit  of  current.  The  current  which  will 
pass  through  one  ohm  resistance  when  impelled  by  one  volt. 
A  milli-ampere  =  one-thousandth  of  an  ampere. 

Ohm.  —  The  unit  of  resistance.     The  resistance  offered  to 
the  passage  of  one  ampere  when  impelled  by  one  volt.    The 
m^ohm  =  one  million  ohms. 
Watt.  —  The  unit  of  power: 

Amperes  X  volts  =  watts. 
(Amperes)*  X  ohms  =  watts. 
(Volts)*  -T-  ohms  =  watts. 
746  watts  =  1  horse  power. 
1000  watts  =  1  kilo  watt. 
Coulomb.  —  The  quantity  of  current  which  impelled  by  one 
volt  would  pass  through  one  ohm  in  one  second. 

Joule.  —  The  unit  of  work.  The  work  done  by  one  watt  in 
one  second. 

Information,  —  In  ordering  electric  motors,  it  is  absolutely  necessary 
to  state  voltage  and  whether  current  is  direct  or  alternating^  and  if 
alternating,  whether  one,  two  or  three  phase  and  number  of  cydea, 

STEADY  AND  FOLLOWER  RESTS 

46.  A  steady  rest|  Fig.  32,  is  used  to  support  a  slender 
shaft  to  prevent  vibration. 
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SCHEDULE 

OF  PARTS 

A  —  Rest;  two  parts,  —  base 

F  —  Bolt,  hinges  top  to  base. 

and  top. 

G — Clamp,  fastens  top  to  base. 

B  — Base. 

-ff  — Sliding  jaws  adjusted  to 

C  —  Top,  hinged  to  base. 

spot  /  on  shaft. 

D  —  Clamp  strap. 

K1K2KZ  —  Adjusting  screws. 

E  —  Bolt  to  clamp  rest  at  any 

L  —  Nuts  to   clamp  jaws  in 

location,  on  ways  of  lathe. 

position. 

47.  To  ttim  spot  on  shaft,  then  adjust  jaws  to  that  spot 
and  turn  shaft,  Fig.  32. 


fiTtADY 

PrtST 


Fig.  32.  —  Turning  Slender   Shaft    Supported  by  a  Steady  Rest 
Set  to  a  Turned  Spot. 

SCHEDULE  OF  OPERATIONS 
True  live  center    Set  dead  center  in  accurate  alinement 


1 .  Center  and  straighten  shaft, 
rough  square,  recenter,  finish 
square. 

2.  Turn  spot  /  A'' to  A'' large 
and  wider  than  jaws  Hj  central 
or  nearer  live  center,  and  file 
smooth. 

3.  Move  jaws  H  back  to  clear 
shaft  and  swing  top  C  backward. 
Mount  and  clamp  rest  opposite 
spot.  Adjust  jaws  H  by  screws: 
Ki  first,  then  Kt  to  touch  shaft, 
then  clamp  both  jaws  by  nuts  L, 


Swing  top  C  forward  and  clamp 
with  screw  G.  Adjust  third  jaw 
H  to  touch  shaft  by  screw  Kz  and 
clamp  jaw  by  nut  L  and  oil  spot  J, 
4.  Turn  one-half  shaft,  re- 
verse shaft,  adjust  jaws  to  turned 
portion  and  turn  rest  of  shaft, 
or  spot  the  shaft  in  center  and 
rough  and  finish  both  halves  to 
spot  by  reversing  shaft,  then 
move  rest  along  toward  live 
center,  readjust  jaws  and  finish 
spot  to  size. 
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48.  The  cat  head,  Af,  Fig.  33,  is  used  to  hold  slender 
shafts  to  be  spotted  as  well  as  for  steadying  slender  shafts  to 
be  turned  without  spotting.  It  is  also  used  to  hold  square, 
hexagonal,  or  work  of  irregular  section  to  be  turned,  as  valve 
stems  that  have  one  part  square  and  the  other  round. 


FiQ.  33.  —  Turning  Slender  Shaft  Supported  by  a  Steady  Rest 
Set  to  a  Cat  Head. 

49.  To  true  cat  head  on  shaft.  —  Place  it  on  shaft  and 
true  up  accurately  by  adjusting  screws.  Test  its  truth  by 
chalk,  copper  tool,  or  a  test  indicator.  If  the  cat  head  is  used 
in  turning  the  second  end  of  the  shaft,  it  must  be  placed  on  the 
turned  part  and  trued  up  as  before.  Usually  the  jaws  of  the 
steady  rest  are  set  directly  on  the  shaft  for  the  second  half. 

Attention.  —  Do  not  adjust  jaws  carelessly  to  cause  the 
shaft  to  spring.  If  piece  springs  when  outside  skin  is  removed, 
straighten  in  a  press,  or  if  the  shaft  is  slender,  mount  on 
centers  and  straighten.  Use  wooden  jaws  in  steady  rests  for 
finished  work. 

60.  Follower  (Traveling)  rest.  A,  Fig.  34,  is  used  for  turn- 
ing shaft  from  end  to  end,  and  it  is  more  convenient  and  pro- 
duces more  accurate  work  than  a  steady  rest.  The  rest  consists 
of  two  jaws  and  a  frame  bolted  to  carriage  B.  A  spot  of  the 
desired  diameter  is  turned  at  end  C  of  shaft  D,  and  the  jaws 
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E  and  E'  are  adjusted  to  it.    The  tool  must  be  slightly  in 
advance  of  the  jaws,  which  should  be  well  lubricated  where 


Fia.  34.  —  Turning  Slender  Shaft  Supported  bt  a  Follower  Rest. 


they  bear  on  the  work.  One-half  of  shaft  is  turned,  then 
it  is  reversed  and  the  second  half  turned.  For  more  effective 
support,  use  bushings  to  suit  different  diameters  of  shafts  in 
place  of  jaws.  When  cutting  Square  or  29°  threads  on  slender 
pieces  a  follower  rest  is  necessary  to  support  the  work. 

ECCENTRIC  TURNING 

51.  Eccentric  turning.  —  Besides  ordinary  straight  and  taper 
turning,  in  which  there  is  only  a  single  axis  and  a  single 
pair  of  centers,  there  is  another  class  of  turning,  known  as 
eccentric  or  offset  turning,  in  which  there  is  more  than  one 
axis  and  consequently  more  than  one  pair  of  centers.  See 
Eccentric  Shaft,  Fig.  35,  Engine  Eccentric,  Fig.  38,  and  crank- 
shaft, Fig.  41. 

Crankshafts  are  made  with  one  or  more  cranks  and  may 
have  solid  eccentrics  as  well.  Small  crankshafts,  in  the 
rough,  may  be  obtained  drop-forged  of  machine  steel,  cut 
from  steel  slabs  or  in  steel  castings.  The  larger  sizes  come 
partly  machined  after  being  forged  under  the  steam  hammer. 
Crankshafts  are  also  built  up  by  autogenous  welding. 
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52.  To  make  eccentric  shaft,  Fig.  35. 
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Fig.  55.  —  Schbdulb  Drawing. 


Spedficatioiis:  Material,  machine  steel  tV"  to  i"  large;  weight, 
1  lb.  15  oz.     Hardness,  14  to  16  (scleroscope). 

Highnspeed  steel,  or  stellite  cutting  tools. 

Time :  Study  drawing  and  schedule  in  advance,  6  min.  —  Oil  lathe, 
4  min.  —  All  squaring,  turning,  and  filing  on  concentric  centers  A,  A', 
40  min.  —  Making  eccentric  centers,  18  min. — All  turning,  squaring, 
and  filing  on  concentric  centers  Bfi\  39  min.  —  Clean  lathe,  3  min.  — 
Total,  1  h.  50  min. 

SCHEDULE  OF  OPERATIONS,   MACHINES  AND  TOOLS 


Operations. 

Machines,  Feeds, 
Speeds. 

Tools. 

Center  (a),  (aO,  h" - 

Engine  lathe,   12"  to 

See  that  live  oenter  is  true  and 

16". 

dead  center  in  approximate 

alinement. 

Rough  square  (1),  (3). 

3d   or  4th  speed,    or 

Dog,    holder     and 

60F.P.M.  Hand  feed. 

cutter    35"*    rake, 
calipers,  rule. 

Recenter  (A).  (AO,  A". 

Finish  square  to  length,  (1), 
Rough  turn  to  \\'  +  A".  ^»). 

2d   or    3d    speed,  or 

Holder    and  cutter 

(4),  one  or  two  cuts.      Turn 

60F.P.M.  Medium 

Sd"*  rake,  calipers, 

half-way,  reverse  and  turn 

power      feed  —  80 

lule. 

other  half. 

to  1". 

Make  eccentric  centers  B.B', 

then 

Test  and  correct  throw. 

Lay  out  eccentric  centers  B,  B\  distance  at  (7,  as  follows:  Clamp 
pointed  tool  in  tool  post  at  height  of  centers.  Momit  shaft  on  cen- 
ters without  dog,  and  make  short  lines  at  each  end  in  same  plane  as 
at  (1)  and  (2),  Fig.  36.  Draw  lines  on  each  end  as  at  D,  with 
pointed  tool  or  center  square  and  scriber.  Slant  pointed  tool  to  the 
left  with  point  ^^'*  (half  the  required  throw  of  eccentric)  from  lathe 
center,  and  draw  lines  at  both  ends  intersecting  radial  lines  as  at  E, 
Make  center  punch  marks  at  these  intersections,  and  drill  and  coim- 
tersink  ^'*  small. 
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Fig.  36.  —Eccentric  Shaft  Blank.    Fig.  37. — Cbntbb  Hole  Scraper. 

Test  and  correct  throw. — Mount  in  lathe  on  eccentric 
centers  B,  B\  Fig.  35,  and  measure  throw  between  lathe  tool 
and  work  with  rule  and  inside  calipers.  Correct  throw  to  ^"  at 
both  ends  by  scraping  over  countersinks  with  center  scraper, 
Fig.  37.  Test  also  with  indicator,  p.  12lO,  and  make  throw 
same  at  both  ends.  Countersink  to  ^"y  test  and  scrape  again, 
if  necessary.    limit  of  error  permissible  .001". 


Draw  lines  on  concentrio  side 
oC  shaft  (ft),  (•),  for  length 
of  reduced  parts.    (Fig.  35.) 

Moiint  in  lathe  on  eccentric 
centers  B,  ff.  Fig.  35. 

Rovgh  turn  reduced  parts 
(7)f  (8),  five  or  six  cuts  each. 


Rough  square  shoulders  to 
within  •^"  of  lines  (•).  (ft). 

Finish  turn  ends  (7),  (8),  one 
cut. 

Finish  square  shoulder  to 
lines  (•),  (ft).  Change  to 
centers  il,  A\ 

Fhiish  turn  (S).  (4)  to  li", 
one  cut. 

Draw  lines  (•),  (M). 

Rough  turn  to  \^',  (11),  one 
cut. 


File  (•).   (4),  (7),  (8),  to  re- 
move tool  marks. 


Vise,  copper  jaws. 


2d  or  3d  speed,    or 

50  F.P.M.  Medium 

power    feed — 80 

tol". 
2d   or    8d  speed,   or 

60  F.P.M.      Hand 

feed. 
3d  speed,  or  70  F.P.  M . 

Fine  power  feed  — 

140  to  1". 
Hand  feed. 


Fine  feed  — 140  to  1" 


BiUgine  lathe,  3d 
speed.or  50F.P.M. 
Medium  power 
feed— 80  to  1". 

4th  speed,  or  speed 
lathe,  2d  or  3d  speed. 


Copper       sulphate, 
rule,  scriber. 


Dog,  holder  and 
cutter  35**  rake, 
calipers,   rule. 

Holder  and  cutter 
35"*  rake,  rule. 

Holder  and  cutter 
35^  rake,  calipers, 
rule. 

Holder  and  cutter 
35*"  rake. 

Holder  and    cutter 

35**  rake,  calipers, 

rule. 
Copper  sulphate, 

rule,  scriber. 
Holder    and  cutter 

35**  rake,  calipers, 

rule. 

8"  or  10"  miU-bas- 
tard  file,  file  card. 


Information. --11  desired,  parts  (3),  (4),  (7),  (8)  may  be  fitted  to 
standard  holes  the  same  as  a  back  gear  eccentric  shaft  by  filing  or 
grinding. 

Attention.  —  To  save  time  in  maidng  a  number  of  eccentric  shafts, 
make  a  jig  to  drill  and  countersink  ends  or  use  eccentric  fixtures. 
See  p.  632. 
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63.  To  turn  engine  eccentric,  Fig.  38. 


ENGINE 
ECCENTRIC 


Fig.  38.  —  Turning  an  Engine  Eccentric. 
SCHEDULE  OF  OPERATIONS 


1.  Make  eccentric  mandrel  Fig. 
38,  of  required  throw  by  method, 
pp.  630,  631. 

2.  Chuck,  ream,  and  push  ec- 
centric casting  lightly  onto  man- 
drel. Mount  in  lathe  and  rap 
eccentric  until  it  runs  true. 
Take  from  lathe  and  press  man- 
drel hard.  On  large  eccentrics, 
set  screws  are  used  to  fasten 
eccentric  to  mandrel.  Do  all 
facing  operations  and  turning  of 


hubs  on  regular  centers  AA'y  and 
all  eccentric  diameters  on  eccen-i 
trie  centers  BE*, 

Attention.  —  When  eccentric 
centers  lie  outside  shaft,  eccentric 
may  be  turned  on  disk,  carrying 
split  stud  with  expanding  screw, 
the  whole  being  bolted  to  face 
plate  of  lathe  in  position  to  give 
desired  throw.  Some  prefer 
this  fixture  to  an  eccentric  man- 
drel. 


64.  Crankshaft  tumingi  Fig.  41.  —  The  centers  or  axes  lie 
outside  of  the  shaft,  so  that  fixtures,  arms  or  flanges,  carry- 
ing the  centers  must  be  provided. 

>^^  65.    To  lay  out  two-throw 

QO^  crankshaft  center  fiztiiresi 
Fig.  39. 


O 


7"' 


ti-HS- 


%. 


T 


'6  I 

je-a.6oo*-ii 

Fig.  39.  —  Laying  Out  a  Center 
Fixture  for  a  Two-Throw  90** 
Engine  Crankshaft. 


SCHEDULE  OF  OPERATIONS 

1.  In  two  fixture  castings 
chuck  and  ream  holes  to  next 
regular  diameter  larger  than  re- 
quired diameter  of  ends  of  crank- 
shaft, mount  on  mandrel  and 
square  arms  and  hub.      Plane 
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edges  AB,  at  right  angles  and  an 
equal  distanoe  from  hole. 

2.  Set  pointed  tool  3^'  from 
point  of  dead  center  and  describe 
arcs  CD.  If  fixtures  are  not 
planed,  points  CD  are  obtained 
as  follows: 

Center  punch  point  on  C,  in 
middle  of  casting  on  the  arc.  Set 
dividers  4.9497^  the  hypoth- 
enuse  of  right  triangle  whose 
base  is  3^^,  using  the  one-hun- 
dredth graduation  of  the  rule,  and 
with  C  as  center  intersect  arc 
at  D,  Distance  CD,  may  be 
obtained  by  the  following  rule: 
Find  the  square  root  of  the  sum 
of  the  squares  of  the  two  throws. 

Example:       Vs^' +  3^' =» 


4.9497,  answer.  Lines  EF,  on 
each  fixture  are  used  to  aline 
cranks  with  fixtures  when  sides 
of  fixtures  are  not  90°. 

Attention.  —  If  only  one  crank- 
shaft is  to  be  turned,  the  fixture 
may  be  drilled  and  countersimk 
in  casting.  For  a  number  of 
crankshafts,  chuck  large  holes 
and  drive  in  hardened  and  ground 
steel  plugs  carrying  large  center 
holes. 

To  make  these  holes  in  correct 
location,  clamp  fixtures  to  face 
plate  of  lathe  with  marks  C  and  D, 
in  axis  of  rotation  as  tested  with 
axis  indicator  (see  Lathe  Axis 
Indicator,  1213),  then  drill  and 
bore  to  size. 


66.  To  aline  center  fixtures  and  lay  out  cranks^  Fig.  40. 


Fig.  40.  —  Laying  Out  Two-Throw  90®  Enginb  Cranxshait  and 
Alining  Cranks  with  Center  Fixtures. 


SCHEDULE  OF  OPERATIONS 


Adjust  fixtures,  center  and 
square  shaft  in  relation  to  crank 
webs. 


Turn  AB  to  fit  center  fixtures 
CC\ 

Mount  fixtures  and  adjust 
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centers  of  cranks  D  and  E  to 
aline  with  centers  of  fixtures  by 
wedges  F  and  test  with  surface 
gage.  Lay  out  crank  web  by 
lines  and  center  punch  at  G,  H, 


Mount  in  lathe  on  one  pair  of 
crank  centers  and  revolve;  reg- 
iilar  centers  are  horizontally  op- 
posite. Test  top  of  turned  ends 
with  surface  gage. 


67.  To  turn  crankshafti  Fig.  41. 


Fig.  41.  —  Turning  a  Two-Throw  90**  Engine  CaANKSHArr. 
Schedule  Drawing. 

SCHEDULE  OF  OPERATIONS 


Rough  turn  blank.  Mount  up- 
on regular  centers  AA'y  Fig.  41. 
Rough  square  faces  of  webs  1,  2, 
3,  4,  and  rough  turn  shaft  5,  6, 
and  7. 

Change  to  crank  centers  BB', 
Rough  square  and  turn  8,  9^  and 
10. 

Change  to  crank  centers  CC 
and  rough  square  and  turn  11^  12, 
13. 

Counterbalance  crank  fixtures 
by  using  weight  D,  or  preferably 
*-v  adjustable  weights  EE'. 


Use  driver  FF'  with  piece  of 
leather  to  reduce  jar. 

Season  crankshaft  between 
roughing  and  finishing,  if  time 
will  permit. 

Finish  square  and  tvm  in 
reverse  order. 

It  is  best  to  spot  7  and  use 
steady  rest  for  finishing.  For 
slender  crankshafts  use  jack  or 
braces  as  shown  by  dotted  lines. 
European  tool  post  0  is  preferred 
to  a  single  tool  post.  Mill  or 
plane  edges  of  webs. ■ 
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AUerUion,  —  Crankshaft  lathes  are  obtainable.  Automobile  and 
motorboat  crankshafts  may  be  rough  turned,  then  ground,  or  ground 
direct  from  drop  forgings  or  steel  castings. 

NUIOJNG 

58.  Hand  and  machine  nurling  or  milling  tools.  Figs.  42 
and  43,  are  used  to  check  or  mill  surfaces  of  nuts,  screw 
heads^  handles,  knobs,  etc.,  to  increase  the  grip  and  facilitate 
rotation.  These  indentations  are  similar  to  those  on  the  edges 
of  silver  and  gold  coins  to  detect  the  removal  of  metal  and 
called  milled  edges. 

69.  Hand  nurling.  Fig.  42. — Thumb  nuts  and  screw 
heads  are  often  nurled  with  single  nurl  wheel  A  and  holder  B, 
Fig.  42.    Oil  work  and  nurl. 


f . — ■ — n 


Fig.  42.  —  Hand  NuRLmo  in  Speed  Lathe. 
SCHEDULE  OF  OPERATIONS 


Speed  for  hand  nurling  brass, 
300  F.P.M. 


Speed  for  hand  nurling  steel, 
200  F.P.M. 


Place  holder  on  rest  C  which 
should  be  firmly  clamped,  and 
place  wheel  under  thumb  nut  D. 
Press  down  firmly  with  right 
hand,  at  same  time  steadying  tool 
with  the  left,  imtil  desired  effect 
is  produced. 


Information,  —  Hand  nurls  are 
obtainable  in  a  variety  of  patterns 
for  thumb  nuts  and  screw  heads, 
as  shown  in  Fig.  42. 


Attention.- 
steel. 


-Use  fine  nurls  on 
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60.  Machine  nurlingi  Fig.  43. 


L^ 


FINE 


MEDIUM 


COARSE 


Fig.  43.  —  Machine  Nurunq  in  Engine  Lathe. 


SCHEDULE  OF 
Speed  for  machine  nuriing  iron 
and  steel,  40  F.P.M. 


OPERATIONS 

Feed     for     nuriing, 
power  feed,  80  to  1". 


medium 


Nuriing  tool,  Fig.  43,  con- 
sists of  holder  A  and  two  hard- 
ened steel  nuriing  wheels  B,  5', 
mounted  in  head  C,  connected 
with  holder  by  rocking  joint. 
Nurls  have  opposed  helical  teeth 
as  at  D,  D'.  Holder  is  fastened 
at  right  angles  to  work  Ej  and  ad- 
justed to  have  both  wheels  bear 
equally  on  work. 

Use  power  feed.  Oil  work  and 
nurls.  Start  lathe.  Force  nurls 
with  cross  feed  screw  hard  against 
work,  preferably  with  half  width 
of  nurls.  Stop  lathe,  and  if 
pitch  of  checking  on  work  is 
same  as  nurls,  reduce  pressure 
and  throw  in  power  long,  feed  to 
travel  back  and  forth  over  surface 
until  projections  come  nearly  to 
a  point. 


Attention.  —  To  prevent  ma- 
chine nurls  from  cutting  double 
set  of  projections  twice  as  fine 
as  the  nurls  and  spoiling  the 
work,  press  nurls  hard  at  start 
and  move  carriage  slightly  to  left 
and  right  by  hand  until  desired 
effect  is  produced,  then  partially 
relieve  pressure  before  starting 
power  feed,  to  avoid  undue  wear 
on  centers  and  center  holes.  A 
slow  but  sure  process  is  to  press 
nurls  hard  on  work  and  pull  belt 
forward  and  backward  by  hand 
until  nuriing  is  reproduced  all 
around  work,  then  start  machine 
and  use  power  feed. 

Note. —  Nurls  for  machine  work 
are  obtainable  for  fine,  medium, 
and  coarse  pitches  as  shown  in 
Fig.  43.    Mediimi  is  most  used. 


ADVANCED   MACHINE    WORK 

SECTION   7 

CYLINDRICAL  GRINDING  (EXTERNAL) 
INTERNAL  GRINDING 

Cylindrical  Oiinding.    Orinding  on  Two  Dead  Centers.    Uniyenal 

Grinding  Machines.    Orinding  Wheels.    Problems  in 

Cylindrical  Grinding.    Ihtemal  Grinding. 

CYLINDRICAL  GRINDING 

1.  Machine  grinding  is  a  scientific  method  of  producing 
cylindrical,  conical,  and  plane  surfaces  accurately,  rapidly, 
and  economically,  with  automatic  grinding  machinery;  and 
for  duplicating  machine  parts. 

Almost  any  material,  as  hardened  and  soft  steel,  wrought 
iron,  cast  iron,  brass,  copper,  aluminum,  vulcanite,  and  wood 
fiber,  may  be  ground  accurately.  Grinding  machines  are 
not  designed  to  remove  a  large  amount  of  stock  but  to  produce 
accurate  dimensions  on  work  that  has  been  rough  turned. 

GRINDING  ON  TWO  DEAD  CENTERS 

2.  The  principle  of  grinding  on  two  dead  centers.  —  Ground 
work  is  more  accurate  than  turned  work.  This  accuracy  is 
obtained  by  grinding  ^^^^ 
the  work  on  two  dead  *'^ZJR^ao  otirrm  mueY 
centers  as  in  Fig.  1,  -pJL^-B^  ■mijivwhml-i 
which  eliminates  the  "" J  IWI  i 
error  caused  by  wear          I  nHlf  |  I 

m  .11  1  •  HEAD  DCAO  I  rwwi 

of     spmdle     bearings.       *v^*(    oiimii  ■  trooK 

The      wear     of     dead      ^'®-  ^'  —  Accuracy  Obtained  bt  Grind- 
centers  is  readily  cor-  "'^  ^^  '^^  ^^^  ^'^'^' 

rected  by  grinding  the  centers,  but  the  wear  of  spindle  bear- 
ings cannot  be  readily  corrected. 

Machine  grinding  is  also  used  for  finishing  as  a  substitute 
for  polishing  as  it  is  more  economical  than  using  files  and 
emery  cloth.. 

701 
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UNIVERSAL  GRINDING' MACHINES 

3.  Grinding  machines  may  be  divided  into  four  general 
classes:  Universal  grinding  machines  for  general  work;  plain 
grinding  machines  for  outside  work  only;  cutter  grinding 
machines  for  grinding  cutters  and  similar  work;  and  surface 
grinding  machines  for  surface  grinding  only. 

Special  grinding  machines  are  designed  for  special  purposes, 
as  internal  grinding  machines,  piston  grinding  machines,  and 
crank  grinding  machines  to  rough  as  well  as  to  finish  auto- 
mobile crank  shafts  without  rough  turning. 

4.  Uniyersal  grinding  machine.  Fig.  2,  Uke  the  engine  lathe, 
is  designed  for  general  work,  as  straight  and  taper  grinding, 
both  external  and  internal,  facing  sides  of  disks,  grinding 
clearances  on  cutters,  reamers,  etc. 

SCHEDULE   OF  PARTS 

COITNTERSHAFT  DrIVB.  BeLT  FeED. 


6.  Machine  Parts, 

A  —  Base,  contains  locker  for 
small  parts. 

B  —  Bed,  contains  feed  and 
reversing,  mechanism. 

C  — Table. 

C  — Swivel  table. 

D  — Swivel  headstock  (90°), 
position  adjustable. 

E  and  E^  —  Dead  centers. 

F  and  F' — Dead  center  pulleys ; 
large  or  small  may  be  used. 

G  —  Live  spindle  pulley. 

H  —  Stop  for  live  spindle 
pulley. 

/  —  Footstock,  position  ad- 
justable. 

K  —  Lever  to  spring  dead 
center  "  in  "  or  "  out." 

L  —  Grinding  wheel,  head 
mounted  on  swivel  slide  and 
adjustable  "  forward  "  or  "  back- 
ward;** it  can  abo  be  fed  by 
hand  to  grind  steep  tapers. 

M  —  Grinding  wheel. 


JV^  —  V/ater  supply  pipe. 
P  —  Belt  to  drive  work. 
Q  —  Belt    to    drive    grinding 
wheel. 

R  —  Belt  to  drive  feed  cone. 
S  —  Belt  to  drive  pump. 

6.  Countershaft  Parts, 

I.  Line  shaft. 

II.  Tight    and    loose    pulley 
mechanism  controlled  by  shipper. 

III.  Belt  to  drive  sleeve  carry- 
ing feed  cone. 

IV.  Belt  to  drive  work  drum. 

V.  Work  drum. 

VT.  Clutch  operated  by  ship- 
per brake. 

VII.  Belt   to   drive   grinding 
wheel  drum. 

VIII.  Grinding  wheel  drum. 

IX.  Belt  to  drive  dead  center 
pulley  F  to  give  higher  speed. 

X.  Belt  to  drive  live  spindle 
pulley  G. 
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Fig.  2.  —  Universal  Grinding  Machinb. 
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GRINDING  WHEELS 

7.  Grinding  wheels,  Chart,  Fig.  3,  are  made  from  various 
abrasives,  —  emery,  corundum,  alundum,  aloxite,  carborun- 
dum, crystolon,  carboUte.  The  abrasive  is  mixed  with  a  bond, 
the  amount  and  composition  of  which  makes  a  wheel  hard 
or  soft  and  determines  its  grade  or  degree  of  hardness. 

They  are  molded,  baked,  turned,  balanced,  and  tested  for 
hardness  and  speed. 

The  number  of  a  wheel  is  determined  by  the  number  of 
meshes  per  linear  inch  of  the  sieve  through  which  the  abrasive 
has  passed,  and  for  grinding  wheels  runs  from  No.  12  to 
No.  120.  Lower  numbers  indicate  coarser  wheels  and  higher 
numbers  finer  wheels.    See  Principles  of  Machine  Work. 

8.  Coarseness.  Grade  of  Hardness. 

Coarseness  determined  by     Hardness  determined  by  bond 
No.  of  abrasive.  binding  grains  of  abrasive 

together. 

Processes. 

Vitrified.  Tanite. 

Silicate.  Vulcanite. 

Elastic.  Celluloid. 

Each  process  is  best  adapted  to  certain  classes  of  grinding, 
yet  each  may  be  used  for  general  grinding. 

9.  Vitrified  wheels,  reddish  brown  in  appearance,  are  made 
by  mixing  the  abrasive  with  a  bond  of  clay,  sand,  spar,  etc., 
they  are  then  molded  into  shape,  placed  in  ovens  similar  to 
pottery  kilns  and  subjected  to  a  prolonged  and  intense  heat 
(3000®  F.).  These  wheels  are  even  in  texture,  open  and  po- 
rous. They  are  especially  adapted  to  grinding  hardened  steel, 
as  they  will  not  glaze  easily  and  are  thus  cool-cutting.  Wheels 
made  by  this  process  are  used  for  general  work  and  for  cylindri- 
cal and  cutter  grinding.    See  Table  of  Grades,  p.  707. 
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10.  Silicate  wheels,  light  gray  in  appearance,  are  made  by 
mixing  the  abrasive  with  a  bond  of  silicate  of  soda,  and  then 
subjecting  to  a  low  heat  (300^  to  400®  F.).  These  wheels  are 
made  porous  or  dense,  as  desired,  are  even  in  hardness  and 
have  unusual  strength.  They  are  adapted  for  wet  tool  grind- 
ing and  general  purposes.  All  wheels  above  SO"  in  diameter 
are  made  by  this  process.     See  Table  of  Grades,  p.  707. 

11.  Elastic  wheels,  black  in  appearance,  are  made  by  mix- 
ing the  abrasive  with  a  bond  of  shellac,  etc.;  and  then  sub* 
jecting  to  a  low  heat  (300''  to  400''  F.).  These  wheels  are  not 
brittle,  and  can  be  made  as  thin  as  A'^.  They  are  used  for 
grinding  arbors,  cutters,  reamers  for  saw  gumming,  and  for 
cutting  off  small  stock,  such  as  thin  steel  tubing,  wire,  etc., 
also  for  grinding  in  narrow  openings.  See  Table  of  Grades, 
p.  707.    ' 

12.  Tanite  wheels  are  made  by  miidng  the  abrasive  with 
tanite  (a  chemical  and  mechanical  transformation  of  leather) 
and  then  subjecting  to  heat  under  hydraulic  pressure.  They 
are  used  for  general  grinding  in  a  similar  manner  to  silicate 
wheels. 

13.  Vulcanite  wheels  are  made  by  mixing  the  abrasive 
with  a  bond  of  rubber  and  sulphur,  and  subjecting  to  a  low 
heat  (225''  F.).  These  wheels  are  not  brittle  and  have  a  high 
factor  of  safety.     They  are  used  for  special  work. 

14.  Celluloid  wheels,  brown  in  appearance,  are  made  by 
mixing  the  abrasive  with  celluloid;  both  are  subjected  to  a 
low  heat  (250"  F.). 

16.  Combination  wheels  are  made  by  mixing  several 
numbers  of  the  abrasive  together  in  the  formation  of  the 
wheel.  Three  numbers  are  generally  used  for  this  purpose, 
as  24,  36,  46, —  the  coarsest  grade  is  used  for  fast  cutting 
and  the  finest  grade  is  used  for  a  smooth  finish.  The  addi- 
tion of  a  small  amount  of  fine  abrasive  to  a  coarse  wheel  will 
produce  wheel  of  great  durabiUty. 
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16.    Table  of  Grades  of  Wheels  Made  by  Different 
Processes 


Vitrified 

SlIilCATB 

Elastic 

Pbogebs. 

PBOCK88. 

Process. 

Very  ioft. . . 

E 

i 

IE 

F 

1 

1    E 

G 

u 

HE 

H 

H 

liE 

Soft 

I 

U 

IfE 

J 

2 

2   E 
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2i 

2iE 

L 

2i 

2iE 

Medium 

M 

3 

3    E 

N 

3* 

S^E 

o 

4 

4    E 

P 

^ 

4iE 

Hard 

Q 

5 

5    E 

R 

H 

5iE 

S 

6 

6   E 

T 

6i 

e^E 

Very  hard . . 

U 

7 

7    E 

AUeniion,  —  The  grade  of  a  grindmg  wheel  is  more  important  than 
the  number  of  the  abrasive.  The  number  influences  the  grade  to  a 
slight  extent,  a  fine  wheel,  as  No.  90,  grade  M,  is  slightly  harder 
than  a  coarse  wheel  same  grade  as  No.  60,  grade  M. 

17.  Shapes  of  wheels.  —  Plain  disk  wheels  are  used  for 
straight  and  taper  work,  and  plain  and  cup  wheels  for  surface 
grinding. 

Cup,  bevel,  and  disk  wheels  are  used  for  grinding  drills, 
cutters,  and  for  grinding  to  shoulder.  Small  wheels  are  used 
for  internal  grinding.     See  Chart  of  Grinding  Wheels,  Fig.  3. 

18.  Selection  of  wheel  depends  on  hardness  of  material 
and  nature  of  work.  In  general,  use  a  hard  wheel  for  rough 
grinding  and  a  medium  or  soft  wheel  for  accurate  grinding 
and  fine  finish.  If  a  wheel  is  too  hard,  it  will  glaze  quickly 
and  heat  the  work;  if  too  soft,  it  will  wear  rapidly  and  prevent 
accurate  grinding.  A  coarse  wheel  is  less  liable  to  heat  than  a 
fine  wheel,  as  the  latter  is  apt  to  glaze.  A  perfect  wheel  is 
one  with  a  bond  that  will  release  the  grains  before  glazing 
takes  place,  and  hard  enough  to  take  a  series  of  cuts  without 
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changing  its  shape  or  diameter,  as  accurate  grinding  depends 
upon  the  sizing  power  of  wheel. 

19.  To  mount  wheels.  —  Place  rubber  or  blotting-paper 
washers  between  wheels  and  flanges,  and  clamp.  Wheels 
should  fit  easily  on  arbors.  Some  are  bushed  with  soft  metal 
to  fit  standard  shafting  and  will  run  fairly  true.  Wheels  to 
be  interchangeable  without  truing  are  provided  with  indi- 
vidual taper  bushing^.  Small  wheels  for  internal  grinding 
have  counterbore  depressions  for  fillister  head  screws. 

20.  The  periphery  speed  for  wheels  should  be  approximately 
from  5000  to  6500  feet  per  minute  (F.P.M.).  A  higher  speed 
may  cause  the  wheel  to  break.  Should  a  wheel  heat  or  glaze, 
run  it  slower.  If  it  is  too  soft,  it  can  often  be  made  to  hold 
its  size  by  using  a  higher  speed. 

Table  of  Speeds  for  Qrindino  Wheels 
The  table  given  below  designates  number  of  revolutions  per 
minute  for  specified  diameters  of  wheels,  to  cause  them  to  run 
at  the  respective  periphery  rates  of  4000,  5000,  and  6000  feet 
per  minute. 


RjBYOLUnONS   PER 

Revolutions  peb 

ReTOLUTIONS  FEB 

DiAM.  Wheel. 

Minute  fob  Sub- 

Minute  fob  Sub- 

Minute  fob  Sub- 

pace  Speed  or 

face  Speed  of 

face  Speed  of 

4000  Ft. 

5000  Ft. 

6000  Pr. 

1  inch. 

16,279 

19,099 

22,918 

2    " 

7,639 

9,549 

11,459 

3    " 

5,093 

6,366 

7,639 

4    " 

3,820 

4,775 

6,730 

6    ** 

3,066 

3,820 

4,684 

6    " 

2,546 

3,183 

3,820 

7    " 

2,183 

2,728 

3,274 

8    " 

1,910 

2,387 

2,865 

10    " 

1,628 

1,910 

2,292 

12    " 

1,273 

1,592 

1,910 

14    " 

1,091 

1,364 

1,637 

16    " 

955 

1,194 

1,432 

18     " 

849 

1,061 

1,273 

20    " 

764 

955 

1,146 

22     " 

694 

868 

1,042 

24    " 

637 

796 

956 

30    " 

509 

637 

764 

36    " 

424 

531 

637 
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21.  The  periphery  speed  of  work  (F.P.M.)  should  be  pro- 
portional to  the  grade  and  speed  of  wheel,  also  to  the  diameter 
of  work.  The  speed  varies  from  15  to  60  feet  per  minute  for 
different  classes  of  work.  The  higher  speed  is  best  for  cast 
iron  and  the  lower  for  duplicate  work. 

22.  Direction  of  rotation  of  wheel  and  work  must  be  op- 
posite at  cutting  point  as  in  Fig.  4. 


Fig.  4.  —  Direction  of  Rotation  of  Whbbl 
AND  Work  for  External  Grinding. 

23.  Feed  of  table  or  traverse  speed  is  in  proportion  to  the 
width  of  wheel  face  and  finish  required.  Use  coarse  feed  for 
roughing.  For  large  work  with  a  heavy  machine,  use  one-half 
to  three-fourths  width  of  wheel  to  each  revolution  of  work;  on 
light  machines  use  one-third  to  one-half  width  of  wheel.  For 
a  very  fine  and  accurate  finish,  use  one-fourth  to  one-third 
width  of  wheel. 

24.  Depth  of  cut.  —  For  roughing  take  deep  cuts,  —  .001'' 
to  .004''  at  each  stroke;  for  finishing,  light  cuts,  —  .00025''  to 
.0005"  at  each  stroke.  The  sparks  thrown  off  by  the  grinding 
wheel  indicate  the  depth  of  cut:  a  large  volume  of  sparks  indi- 
cates a  heavy  cut,  and  a  small  volume  a  light  cut. 

26.  Width  of  face  of  wheel. —  A  wide  wheel  with  a  coarse 
feed,  removes  stock  rapidly,  ^nd  is  used  where  it  can  pass 
from  one-fourth  to  one-half  its  width  beyond  the  end  of  work 
or  recess. 

A  narrow  wheel  is  used  to  grind  to  a  shoulder  not  recessed 
to  produce  an  accurate  diameter  next  to  shoulder  or  with 
narrow  recess.  The  face  of  a  wheel  may  be  narrowed  by 
beveling  a  comer  with  a  diamond  tool. 

26.  To  true  grinding  wheel. — Grinding  wheels  wear  smooth 
or  become  glazed  by  use,  so  that  they  will  not  cut  freely.  A 
new  wheel  will  not  run  true  and  must  be  trued  before  using. 


Digitized  by  VjOOQ IC 


710 


ADVANCED  MACHINB  WORK 


To  true  face  of  wheel,  mount  diamond  tool  A,  Rg.  6,  in 
fixture  J5.  Feed  tool  to  touch  revolving  wheel  with  cross 
feed,  then  traverse  tool  by  power  or  hand  long.  feed.    To  true 


'UNIVIIISAL  ORINDIMQ  MAONIMC 


Fig.   5. —  Truing  Facb  op  Whbbl   Fig.  6.  —  Truing  Sidb  op  Wheel 
WITH  A  Diamond  Tool.  wtfh  a  Diamond  Tool. 


Me  of  wheel,  clamp  diamond  tool  A,  Fig.  6,  in  slide  of  fixture 
B  at  right  angles  to  wheel.  Feed  tool  to  wheel  by  hand  long, 
feed  until  it  touches  revolving  wheel,  then  operate  tool  by 
hand  with  cross  feed. 

If  a  wheel  is  soft,  but  little  attention  may  be  given  it  while 
roughing,  as  it  will  wear  away  fast  enough  to  keep  sharp,  but 
it  must  be  sharp  and  also  true,  to  produce  a  fine  finish. 

Aiieniion,  —  Grinding  wheels  may  be  trued  dry,  but  the 
wear  on  the  diamond  tool  is  much  less  if  plenty  of  water  is 
used. 

27.  To  true  centers.  Fig.  7.  —  Remove  centers,  clean  holes 
with  waste.  Clean  dead  center  and  insert  it  in  live  center 
spindle.  Belt  machine  to  revolve  live  spindle,  pull  out  pin  A, 
swivel  headstock  to  30®  and  clamp.  Set  reversing  dogs  and 
grind  center  by  trial  and  correction  to  fit  center  gage  (60®) 
See  p.  Il3.  Replace  dead  center,  clean  and  insert  live 
center  in  its  spindle  and  grind.  Both  centers  are  hardened 
and  tempered.  In  a  plain  grinding  machine,  use  a  special 
attachment.  Some  small  grinding  machines  permit  swinging 
of  table  to  grind  centers. 
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FiQ.  7.  —  Grinding  the  Center  of  Universal  Grinding 
Machine. 

28.  Methods  of  driving  work.  —  (Two  dead  centers.)  Cen- 
tered work  is  ground  on  two  dead  centers  and  driven  by 
dead  center  pulley  and  balanced  dog,  as. in   Fig.  1.     To 


Fig.  8.  —  End  Driving  Dog  for  Work  of  One  Diameter. 


grind  work  of  one  diameter,  use  end  driving  dog,  as  in  Fig.  8. 
(With  revolving  spindle.)  For  work  held  in  chuck,  as  face 
and  internal  grinding,  the  spindle  revolves. 

Some  classes  of  centered  work  may  be  rapidly  handled  and 
ground  by  using  spindle  and  triangular  live  center  drive,  as 
in  Fig.  9. 


Digitized  by  VjOOQ IC 


712 


ADVANCED  MACHINE  WORK 


A  triangular  center  punch  is  driven  lightly  into  one  center 
hole  to  make  it  fit  center.  The  work  is  then  mounted  on 
centers  and  not  moved  until  finished. 


I 


I 


WORK, 
I  ROLLER 


Tria^tf 


EMCRV 
WHfCL 


FiQ.  9.  —  Trianqulab  Center  Drive  for  Kaptd  Production. 

29.  To  set  swivel  table  to  grind  straight  work.  —  Set  both 
sero  lines  on  headstock  swivel  (graduated  in  degrees)  to  coin- 
cide,  then  set  both  zero  lines  on  swivel  table  (graduated  scale 
in  inches  per  foot  and  degrees)  to  coincide.  To  obtain  accu- 
rate setting,  take  a  few  light  cuts  and  caliper  both  ends  with 
micrometer.  If  they  dilBFer,  release  clamp  bolts  and  swing 
swivel  table  a  little  with  adjusting  screw  at  end,  clamp  bolts 
and  repeat  above  process  until  desired  accuracy  is  obtained. 

Attention.  —  The  graduations  on  headstock  swivel  and 
swivel  table  are  helpful,  but  the  coincidence  of  lines,  even  if 
located  with  a  magnif3ring  glass,  give  only  approximate  accu- 
racy, and  it  is  only  by  the  process  of  trial  and  correction  that 
accuracy  is  obtained. 

30.  Slight  tapers  are  obtained  by  setting  swivel  table  to 
approximate  taper  by  scale  and  using  a  standard  taper  ring 
gage  to  determine  exact  taper,  which  is  obtained  by  trial  and 
correction  in  the  same  manner  as  a  straight  setting. 

31.  Steep  tapers  on  work  held  in  chuck  or  on  headstock 
spindle  are  obtained  by  swiveling  the  headstock.     For  work 
mounted  on  centers,  tapers  are  obtained  by  setting  wheel  slide, 
and  for  two  abrupt  tapers,  outside  or  inside,  by  setting  both" 
headstock  and  wheel  slide  at  proper  angles. 

32.  Wet  and  dry  grinding.  —  Wet  grinding  is  rapid  and 
accurate.     An  insufficient  or  fluctuating  supply  of  water  will 
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cause  a  change  of  temperature  and  produce  inaccurate  work. 
If  the  nature  of  the  work  will  not  permit,  or  the  machine  is  not 
arranged  for  wet  grinding,  good  results  may  be  obtained  by 
grinding  dry  with  very  light  cuts.  Water  guards  for  wet 
grinding  are  supplied.     See  A^  Fig.  10. 

33.  Lubricants  for  grinding.  —  Use  water,  and  to  prevent 
rusting  of  machine,  add  enough  sal  soda  to  the  water  to  show 
a  deposit  on  machine.  Machine  oil  is  sometimes  added  to 
mixture. 

Aluminum  is  ground  with  a  lubricant  of  kerosene,  or  a 
mixture  of  kerosene  and  machine  oil. 

As  most  cutter  grinders  are  not  arranged  for  wet  grinding, 
cutters  and  reamers  are  ground  dry. 

34.  To  prepare  work  to  be  ground.  Allowance  for  grind- 
ing. —  Short  work  that  is  not  to  be  hardened  is  rough  turned 
froi^i  .006'^  to  .010'^  large.  For  large  work  and  long,  slender 
work  that  will  spring  and  run  out  of  true  after  turning,  and  for 
hardened  steel  that  is  liable  to  spring  in  hardening,  it  is  good 
practice  to  allow  from  .020''  to  .OSO''  to  grind  off.  A  large 
allowance  means  but  one  cut  in  the  lathe,  and  it  is  more  eco- 
nomical to  grind  with  the  modem  grinding  machine  than  to 
take  a  second  cut  in  the  lathe  to  reduce  the  allowance. 

36.  Rough  and  finish  grinding.  —  In  manufacturing  ma- 
chine parts  in  lots,  it  is  good  practice  to  rough  grind  all 
pieces  to  within  .002'^  or  .003"  before  finishing  any.  The 
wheel  then  need  be  trued  only  twice,  —  once  in  roughing 
and  once  for  finishing. 

36.  The  finish  of  work.  —  An  ordinary  shaft  should  be 
given  a  '^  commercial "  finish;  that  is,  it  should  be  ground 
to  a  good  smooth  surface.  A  forcing  fit  need  not  be  ground  to 
such  a  fine  finish,  but  close  to  size.  Gages  and  fine  work  of 
this  class  must  be  ground  both  to  a  fine  finish  and  to  an  exact 
size.  A  fine  accurate  finish  is  generally  obtained  with  light 
cuts,  slow  feed,  a  true  wheel,  and  a  liberal  supply  of  water. 

37.  Expansion  of  work  while  grinding.  —  Expansion  is 
caused  by  the  friction  of  the  wheel.  In  grinding  work  dry, 
particularly  long  shafts,  it  sometimes  is  made  to  run  out  of 
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true  and  this  is  due  to  its  own  internal  strains  or  unequal 
expansion.  A  grinding  operation  shows  error  or  truth;  an  un^ 
even  volume  of  sparks  indicates  error,  and  an  even  volume  of 
sparks  truth  of  work.  To  remedy  this,  flood  work  with  water, 
reduce  speed  of  work  and  feed  one-fourth  thousandth  at  each 
end  of  stroke  until  work  is  cylindrically  true.  When  the  work 
becomes  round  again,  increase  its  speed  and  the  depth  of  cuts. 
Spring  back  rests  B,  B,  B,  Fig.  17,  are  often  used  to  remedy 
this  error. 

AUeniian.  —  A  distinct  difference  in  the  sparks,  however, 
may  indicate  an  error  as  small  as  one-tenth  to  one-fourth 
thousandth  of  an  inch  or  less,  which  may  be  ignored  for  some 
classes  of  work. 

38.  Seasoning  work.  —  Long  slender  work  is  often  laid 
away  for  a  period  of  time  between  roughing  and  finishing,  to 
relieve  internal  strains,  when  great  accuracy  is  required.  This 
b  usually  unnecessary  for  short  or  heavy  work. 

39.  Care  of  machine  and  work.  —  All  bearings  should  be 
kept  well  oiled.  The  cross  slide  should  be  cleaned,  oiled,  and  if 
need  be,  adjusted  to  move  smoothly.  The  centers  and  center 
holes  in  work  must  be  kept  absolutely  true  and  clean  and  well 
oiled  to  produce  accurate  work.  While  most  of  the  bearings 
on  modem  grinding  machines  are  dust-proof,  nevertheless  the 
machines  should  be  kept  clean. 

40.  Measuring  tools  for  grinding.  —  Use  micrometer  calipers 
and  limit  gages  for  general  work.  For  very  accurate  work 
use  a  ten-thousandth  micrometer  or  measuring  machine. 

Warning.  —  Push  the  shipper  slowly  and  watch  the  grind- 
ing wheel  as  it  slowly  starts.  Never  stand  in  front  of  a  wheel 
when  it  is  starting,  to  avoid  injury  if  the  wheel  should  happen 
to  break.  Modem  grinding  wheels  have  a  high  factor  of  safety 
and  seldom  burst  at  the  speed  recommended,  but  any  wheel 
may  be  broken  by  careless  iisage;  accidentally  moving  the 
headstock,  or  footstock,  or  work,  against  the  side  of  the  wheel, 
especially  a  thin,  vitrified  wheel,  revolving  or  stationary,  may 
break  it. 
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41.    Adjustments    and    movements   to    operate   universal 
grinding  machinCi  Fig.  10. 

UNIVBIteJIkOmNOHM  MAOMNC 


Fig.  10.  —  Grinding  ▲  Running  Frr. 
SCHEDULE  OF  PARTS 


1.  Shipper  to  start  and  stop 
grinding  wheel. 

2.  Shipper  brake  to  start  and 
stop  work. 

3.  Knob  to  start  or  stop  long, 
power  feed  work  (table  feed). 

4.  Long,  feed  hand  wheel. 

5.  Lever  to  reverse  long,  feed 
by  hand. 

6  and  7.  Dogs  to  reverse  long, 
feed  automatically. 

8.  Cross  feed  hand  wheel. 

Automaiic  Cross  Feed. 

9.  Pawl. 

10.  Ratchet  wheel  (each  tooth 
reduces  work  1/^/1000"  in  diam- 
eter and  each  graduation  I/IOOO^- 


11  and  12.  Adjusting  screws 
which  control  movements  of  pawl 
9  and  depth  of  cut  at  each  end  of 
stroke  or  at  each  reversal  of  table. 

13.  Perpendicular  latch. 

14.  Latch  head. 

15.  Shield. 

16.  Horizontal  latch. 


Swivel  Table, 

17  and  18.  Bolts  to  clamp 
swivel  table. 

19.  Screw  to  adjust  swivel 
table.  To  grind  straight  or  taper, 
see  Graduated  Scale  at  end  of 
swivel  table. 
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42.  To  grind  numing  fit  on  two  dead  centers,  Fig.  11. 

1]^*  nUNNINO    FIT 


ROUOH 

TURNCO 

LOTS* 

■■■J,.. 


ORINO 


—IT ^ 


SHAFT  BLANK— MACHINE  STEEL 

Fig.  11.  —  Schedule  Drawing. 

Specifications:  Shaft  blank,  machine  steel  rough  turned  1.078'' 
diameter. 

Machines  and  tools:  Universal  grinding  machine. 

Grinding  wheel  12"  X  }",  No.  54,  Grade  M,  vitrified,  grinding  dog. 

Speed  of  wheel,  6000  F.P.M.    Speed  of  work,  50  F.P.M. 

Feed  }  width  of  wheel  per  revolution. 

Oil  bearings  and  two  dead  centers  with  machine  oil. 

Lubricant,  solution  of  sal  soda  and  water. 

Time:  Study  drawing  and  schedule  in  advance,  10  min.  —  Oil 
machine  and  true  wheel,  7  min. — Grind  fit  with  machine  "set  up," 
20  min.  —  Clean  grinder,  3  min.  —  Total,  40  min.  ("  Set  up  machine 
to  ^ind  straight,  20  min.  extra.) 

SCHEDULE  OF  OPERATIONS 


L  Preparatory  Adjustments. 
True  wheel  and  centers,  p.  709. 
Set  zero  lines  on  headstock 
and  swivel  table  to  grind 
approximately  straight,  p.  7l2. 
Arrange  water  guards.  See 
Fig.  10.  Unlock  horizontal 
latch  16  from  latch  head  14, 
throw  out  pawl  9  and  move 
grinding  wheel  back  with  hand 
cross-feed  wheel  8,  to  allow  space 
to  mount  work.  Mount  shaft  B 
on  centers  with  copper  under  set 
screw  of  grinding  dog  C.  Start 
grinding  wheel,  work  and  feed, 
1,  2,  3,  and  adjust  table  dogs  6, 
7,  to  obtain  length  of  stroke  and 
avoid  wheel  striking  dog  or  foot- 
stock. 

Set   automatic  cross  feed  11, 


12,  Fig.  10,  to  feed  .0005"  to 
.001"  (2  to  4  teeth  on  ratchet), 
at  each  end  of  stroke  or  reversal 
of  table. 

n.  Grind  Trial  Diameter  (11), 
Fig.  11.  (Grind  out  tool  marks 
only.)  Move  grinding  wheel  to 
cut  revolving  work  lightly  with 
hand  cross-feed  wheel  8.  Turn 
on  water  and  throw  in  feed 
pawl  9  to  mesh  with  ratchet 
wheel  10,  and  allow  automatic 
cross  feed  to  take  three  or  four 
trial  cuts  whole  length  of  work 
to  grind  out  tool  marks.  Then 
throw  out  pawl  9  and,  without 
moving  cross  feed,  allow  wheel 
to  pass  over  work  several  times 
until   cutting   nearly   dieB   out. 
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Stop  wheel,  work  and  feed,  1,  2, 
3,  with  wheel  at  footstock  end. 

nL  Correct  Straigfatness.  Meas- 
ure work  at  both  ends  with  2" 
micrometer,  and  if  not  straight, 
move  swivel  table  (see  p.  7l2). 
Take  one  or  two  cuts  with  auto- 
matic cross  feed.  Measure,  and 
repeat  until  machine  grinds 
straight.  If  there  is  danger 
thereby  of  grinding  shaft  too 
small,  use  trial  piece  same  length. 

IV.  Find  Amount  Oversize. 
Measure  work  with  2"  microm- 
eter. Subtract  1.0640"  (1.0620" 
-h  .002"  for  finishing)  from  read- 
ing of  micrometer.  For  example, 
reading  of  micrometer  may  be 
1.0740",  then  1.0740"  -  1.0640" 
=  .0100"  for  rough  grinding. 
As  each  tooth  in  ratchet  wheel 
10  =  i/1000"  m  diameteiv^  of 
woric  and  work  is  .010"  large, 
work  is  40  teeth  large. 

V.  Set  Automatic  Cross  Feed. 
Raise  perpendicular  latch  13  in 
head  14,  throw  in  pawl  9  and, 
without  moving  cross  feed,  move 
shield  15  to  right  or  left  until 
end  of  shield  and  pawl  are  40 
teeth  apart,  then  drop  latch  13 
in  ratchet  wheel  10. 

VI.  Rough  Grind  (11),  .0080'' 
Large,'  as  follows:  Start  wheel, 
work  and  feed,  1,  2,  3,  and  rough 
grind  automatically  until  shield 
15  lifts  pawl  9.  Then  lock  latch 
head  14,  with  horizontal  latch  16 
(this   locks    coarse    cross   feed). 


Throw  out  pawl  9  and  allow  wheel 
to  pass  over  work  several  times 
until  cutting  nearly  dies  out. 
Stop  work  with  wheel  at  foot- 
stock  end  with  shipper  brake  2, 
shut  ofif  water  and  measure,  and 
from  reading  subtract  1.0620" 
(1.0640"  -  1.0620"  =  .0020".) 

Vn.  Finish  Grind  (11),  Fig.  11, 
with  pinch  feed  (fine  cross  feed) 
J/IOOO"  in  diameter  of  work,  as 
follows:  Start  work.  Take  two 
cuts  i/1000"  each  (two  pinches 
at  each  end  of  work).  Stop  work 
and  measure  (1.0630").  Take 
one  cut  J/1000"  (one  pinch  at 
footstock  end  of  work)  and  meas- 
ure and  repeat  imtil  work  meas- 
ures 1.0620". 

Limit  1.0620"  to  1.0615". 

Attention.  —  This  shaft  is  for 
running  fit  in  1^"  hole.  Hole 
limit  1.0625"  +  or  -.00026". 
See  Running  Fits,  pp.  2l4,  2l5. 

Informatum.  —  The  equipment 
for  wet  grinding  consists  of  water 
tank,  pump,  piping  and  valve  to 
supply  water  to  work  and  water 
guards,  channels  in  table  and 
frame  to  carry  water  back  to 
filter  and  tank. 

Note,  —  When  through  grind- 
ing, unlock  horizontal  latch  16 
from  latch  head  14,  move  grind- 
ing wheel  back  to  allow  space  to 
mount  next  piece  of  work.  Clean 
machine  with  waste. 

Warning.  — To  avoid  accident, 
start  grinding  wheel  slowly. 
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ADVANCED  MACHINE  WORK 


43.  To  grind  a  phosphor  bronze  taper  bushing.  A,  Fig.  12. 

Bushing  blank,  phosphor  bronze.  Rough  turned  to  enter 
taper  hole  within  i^  of  small  end. 

Corundum  grinding  wheel  (plain),  12''  X  i^,  No.  54,  Grade  M, 
vitrified. 

Speed  of  wheel,  6500  F.P.M.     Speed  of  work,  75  F.P.M. 

Feed,  J  width  of  wheel. 

True  wheel  and  centers. 


UNTVttSAL  QPtlNDfUQ  fMAGRIIVt 


WHECI. 

54  M 


Fio.  12.  —  QaiNDiNa  a  Bronzb  Tapbb  Bubhihq. 


Set  automatic  feed  to  feed  .00 1''  at  both  ends  of  stroke  and 
to  grind  .002'^  large,  then  use  pinch  feed  to  finish. 

Place  bushing  A  on  a  built-up  taper  mandrel  B  and  mount 
on  dead  centers. 

Set  swivel  table  to  grind  taper.  To  obtain  correct  taper, 
take  light  cuts  and  test  taper  in  taper  hole  in  headstock  or 
frame  of  machine,  and  adjust  table  until  taper  fits. 

44.  Adjustments  and  movements  to  operate  universal  and 
tool  grinding  machine,  Fig.  13. 
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UNIVeRSAL  ANt>  rCOL  QRINDfNQ  MACMfNV 

CORUNOUM  WHtEL   &0  K   VjTRiFieO  , 


Fig.  13.  —  Grindino  a  FoRcmo  Fm 


SCHEDULE  OF  PARTS 


1.  Shipper  to  start  and  stop 
grinding  wheel 

2.  Shipper  brake  to  start  and 
stop  work. 

3.  Lever  to  start  or  stop  long, 
power  feed  (table  feed). 

4.  Long,  feed  hand  wheel. 

5.  Lever  to  reverse  long,  feed 
by  hand. 

6  and  7.  Dogs  to  reverse  long, 
feed  automatically. 

8.  Cross-feed  hand  wheel. 
Each  graduation  reduces  work 
1/1000"  in  diameter. 

Fine  Cross  Feed. 

9.  Thumb  nut  for  controlling 
fine  or  coarse  cross  feed. 


10.  Thumb  screw  for  operating 
fine  cross  feed. 

Swivel  Table. 

17.  Bolt  for  clamping  swivel 
table. 

18.  Spring  knob  for  quick 
adjustment  of  swivel  table. 

19.  Thumb  screw  for  fine  ad- 
justment of  swivel  table.  To 
grind  straight  or  taper,  see  Grad- 
uated Scale  at  end. 

Grinding  Wheels. 

20.  Hand  wheel  to  elevate 
grinding  wheel. 
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ADVANCED  MACHINE  WORK 


46.  To  grind  fordng  fit  on  two  dead  centers,  Fig.  14. 


I*  FOMciiM  rrr 


TINIIItO«< 


•HAPT  BUNK-MACHINe  STICL 

Fig.  14.  —  Schbdulb  Drawing. 

Speciilattkms:  Shaft  blank,  machine  steel  rough  turned,  1.015'' 
diameter. 

Machines  and  Tools:   Universal  grinding  machine. 

Grinding  wheel  7"  X  J'',  No.  80,  K^  vitrified,  grinding  dog. 

Speed  of  wheel,  5000  F,P.M.    Speed  of  work,  50  F.P,M. 

Feed  J  width  of  wheel  per  revolution. 

Oil  bearings  and  two  dead  centers  with  machine  oil.     Grind  dry. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil 
machine  and  true  wheel,  7  min,  —  Grind  fit  with  machine  "  set  up," 
15  min. —  Clean  grinder,  3  min. — Total,  30  min.  ("  Set  up  "  machine 
to  grind  straight,  10  min.  extra.) 

SCHEDULE  OF  OPERATIONS 


L  Preparatory  Adjustments. 
True  wheel  and  centers,  p.  709. 
Set  zero  lines  on  swivel  table 
to  grind  approximately  straight. 
See  p.  7l2.  Loosen  nut  9, 
Fig.  13,  and  move  grinding 
wheel  bAck  with  hand  cross- 
feed  wheel  8  to  allow  space 
to  mount  work.  Moimt  shaft  B 
on  centers  with  copper  under  set 
screw  of  grinding  dog  C,  Start 
grinding  wheel,  work  and  feed, 
1,  2,  3,  and  adjust  dogs  6,  7  to 
obtain  length  of  stroke  of  part  Z> 
and  avoid  wheel  touching  shoul- 
der of  work  or  footstock. 

n.  Grind  Trial  Diameter  (12) 
Fig.  14.  (Grind  out  tool  marks 
only.)  Move  grinding  wheel  to 
cut  revolving  work  lightly  with 
coarse  hand  cross-feed  wheel  8. 
Tighten  nut  9  (this  locks  coarse 
cross  feed),  and  use  fine  cross-feed 


thumb  screw  10.  Graduations  on 
cross  feed  reduce  work  1/1000"  in 
diameter.  Take  two,  three,  or 
four  trial  cuts  (J/1000"  each),  to 
grind  out  tool  marks,  feeding  at 
footstock  end  only,  and  allow 
wheel  to  pass  over  work  several 
times  until  cutting  nearly  dies 
out,  then  stop  table  and  work 
with  grinding  wheel  at  footstock 
end  with  shippers  3,  2. 

nL  Correct  Strai^tness.  Meas- 
ure work  at  both  ends  with  2" 
micrometer  and,  if  not  straight, 
move  swivel  table  (see  p.  7l2). 
Take  one  or  two  cuts  with  fine 
cross  feed.  Measure  and  repeat 
until  machine  grinds  straight. 
If  there  is  danger  thereby  of 
grinding  shaft  too  small,  use  trial 
piece  same  length. 

IV.  Find  Amount  Oyersize. 
Measure  work  with  2"  microm- 
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Subtract  rough  diameter  of 
work  1.0025"  +  .002''  for  finish- 
ing from  reading  of  micrometer. 
For  example,  reading  of  microm- 
eter may  be  1.012",  then  L012"- 
1.0045"  -  .0075"  for  rough  grmd- 
ing. 

V.  Rough  Grind  (12),  .002" 
Large,  as  follows:  Use  J/1000" 
cuts  with  thumb  screw  10  at  foot- 
stock  end  only,  as  follows:  Take 
12  cuts  and  measure  (1.0060"); 
take  3  cuts  and  measure  (1 .0045") . 


VL  Finish  Grind  (12),  Fig.  14. 
Use  J/1000"  cuts  and  feed  at 
footstock  end  only,  as  follows: 
Take  6  cuts  and  measure 
(1.00325");  take  one  cut  and 
measure,  and  repeat  until  work 
measures  1.0025".  Lunit  1.0025" 
to  1.0020.". 

Attention,  — This  shaft  is  to  be 
forced  into  1"  hole.  Hole  limit 
1000"  + or -.00025".  See  Forc- 
ing Fits,  p.  217.  Clean  machine 
with  brush  and  waste. 


46.  To  grind  a  shoulder,  Fig.  15. — Spindle,  crucible  steel. 
Grinding  wheel  (plain)  12^^  X  y,  No.  60,  Grade  K,  vitrified. 
Speed    of    wheel. 


UNIVBIISAL  QfllNOINQ  MAOHINK 

ALUNDUM  WHEEL  60  K  VITRIFIED 


6000  F.P.M.     Speed 
of  work,  50  F.P.M. 

Feed,  J  width  of 
wheel. 

True  wheel  and 
centers.  Set  machine 
to  grind  straight. 

Mount  spindle 
blank  A,  recessed  as 
at  B  for  side  clear- 
ance, on  centers. 
Control  depth  of  cut 
by  long,  feed,  and  feed  by  cross  feed.  If  shoulder  is  large 
use  special  wheel  mounted  on  end  of  wheel  spindle  C  and 
set  swivel  i^  from  90**  to  give  clearance. 

47.  Plain  grinding  machine  for  commercial  grinding. 
Fig.  16.  —  The  essential  parts  of  this  machine  are  similar  to 
those  of  a  universal  grinding  machine  except  that  the  head- 
stock  and  wheel  slide  do  not  swivel,  and  the  swivel  table  forms 
a  water  guard.  It  is  designed  for  straight  and  taper  outside 
work  only.     It  is  made  strong  and  rigid  to  grind  work  rapidly. 


Fia.  15.  —  GaiNDiNa  a  Shoulder. 
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Some  plain  grinding  machines  have  a  traveling  grinding 
wheel  instead  of  a  traveling  table. 

48.  To  grind  cast-iron  roll,  A,  Fig.  16. 

Roll  blank,  cast  iron.     Rough  turned  .010^  to  .020^  large. 

Alundum  grinding  wheel  (plain)  20"  X  2",  No.  24  Combi- 
nation, Grade  K,  vitrified. 

Speed  of  wheel,  5000  F.P.M.     Speed  of  work,  50  F.P.M. 

Feed,  i  width  of  wheel. 

True  wheel  and  centers.    Set  machine  to  grind  straight. 

PLAIN  ORINDING  MACHINE 


Fia.  16.  —  GRiNDiNa  a  Cast-iron  Roll. 

Set  automatic  feed  to  feed  at  both  ends  of  stroke  and  to 
grind  .002''  large,  then  use  pinch  feed  to  finish. 

Mount  roll  A  on  dead  centers. 

Place  universal  back  rests  6  to  10  diameters  apart  and  grind 
to  required  diameter  with  water. 

49*  To  grind  slender  shaft,  A,  Hg.  17. 

Shaft  blank,  machine  steel  smooth  turned  .012''  large. 

Alundum  grinding  wheel  (plain)  12^^  X  i\  No.  60,  Grade  L, 
vitrified. 
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Speed  of  wheel,  6500  F.P.M.    Speed  of  work,  90  F.P.M. 

Feed,  }  width  of  wheel. 

True  wheel  and  centers.     Set  machine  to  grind  straight. 

Set  automatic  feed  to  feed  at  both  ends  of  stroke  and  to 
grind  .002^  large,  then  use  pinch  feed  to  finish. 

Mount  shaft  A  on  dead  centers.  Place  three  universal 
back  rests  B  against  shaft,  6  to  10  diameters  apart,  see  Fig.  17, 
and  grind  to  required  diameter. 

PLAIN  QRIMDINQ  MACHINE  OOMMCROIALQRINDINO 

ALUNDUM  WHEEL     60  L  VITRIFIED  wHCCL 

/follower 

REST 

\ — O 


FiQ.  17.  —  Grindinq  ▲  Slbndbb  Shaft. 

60.  Back  rests,  plain  and  universal^  are  fixtures  used  to 
reduce  vibration  and  permit  a  greater  depth  of  cut  on  straight 
and  taper  work  both  large  and  small. 

The  plain  rest  has  a  single  shoe  of  wood  or  soft  metal  and  is 
used  for  small,  short  work. 

The  universal  rests  S,  B,  B  can  be  delicately  adjusted. 
Select  bronze  shoes  1, 1, 1,  (see  detail)  the  size  of  finished 
work,  move  screws  2  to  maintain  contact  of  shoe  upon  work 
while  grinding  trial  piece,  and  adjust  stop  screw  3  to  preserve 
diameter  when  finished. 

Adjust  screws  4  and  5  to  regulate  pressure  of  springs  upon 
shoes  and  work. 
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Duplicate  pieces  are  ground  without  disturbing  adjustments 
except  slightly  for  wear  of  shoe  2  and  diameter  3. 

Follower  rest  C  is  used  on  slender  work  that  has  been  rough 
ground  .001^  large.  It  cannot  be  used  on  taper  work.  Adjust 
with  wheel  and  work  in  motion. 

61.  Automatic  magnetic  sizing  grinder.  Fig.  18. 

The  mechanical  automatic  feeding  mechanism  is  electrically 
controlled  and  duplicates  straight  and  taper  work  regardless 
of  wear  of  grinding  wheel. 

A  coarse  feed  for  roughing  automatically  switches  to  a  fine 
feed  for  finishing,  and  when  work  is  finished  to  size  the  feed 
automatically  stops. 

62.  To  rough  and  finish  grind  spindles  in  an  automatic 
magnetic  sizing  grinder,  Fig.  18.    Duplicate  work. 

Spindle  blank,  machine  steel,  rough  turned  0.020''  large. 
Corundum  grinding  wheel  (plain)  18^^  X  li^  No.  40,  Grade 
M,  vitrified. 
Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 
Feed,  }  width  of  wheel. 
True  wheel  and  centers.     Set  machine  to  grind  straight. 


WOAK 

HACH:[h€  5TE£L 


PLAIN  QIIINOINO  MAOHINB 
SET  to  TAKC   nNrtMinC  OUT 


COftUHOUM 
WHEEL 

54  COM&.M 


Fio.  18.  —  Automatic  Sizing  Devicb  for  GaiNDiNa  Dupucatb  Work. 
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To  get  automatic  sizing  device^  rough  and  finish  grind  one 
piece  to  required  size  with  automatic  mechanical  feed,  and  use 
this  as  a  master  piece  to  set  sizing  device.  Place  diamond- 
point  bearer  Ay  on  master  piece  B  and  adjust  arm  C  by  screw 
D  to  make  an  electrical  contact.  Then  mount  blank  for  next 
piece  on  centers.  Adjust  coarse  feed  for  roughing  by  screw  E 
to  feed  001''  at  each  end  of  stroke,  and  adjust  screw  F  to 
have  magnet  0  throw  out  the  coarse  and  throw  in  the  fine 
feed  one  tooth  (one-eighth  thousandth)  when  piece  is  within 
.002''  of  size. 

Magnet  H  throws  out  latch  J  and  stops  feed  when  piece  is 
ground  to  correct  diameter 

Attention,  —  The  coarse  and  fine  feeds  and  the  amount 
allowed  for  finishing  may  be  varied  for  dififerent  classes  of 
work.  Dry  batteries  or  a  plug  in  a  lamp  socket  of  a  direct- 
current  circuit  will  operate  device. 

S3.  To  grind  a  straight  and  taper  bearing  on  a  spindle, 
Fig.  19. 

Spindle  blank,  crucible  steel  unannealed.  Rough  turned 
.010^  to  02(y'  large. 

Corimdum  grinding  wheel  (plain)  12''  X  1",  No.  54,  Grade  M, 
vitrififd. 

Speed  of  wheel,  5000  F.P.M.     Speed  of  work,  50  F.P.M. 

Feed,  J  width  of  wheel. 

True  wheel  and  centers. 


conuNouw 

WHfEL 

54  M 

ViTRIFiEEl 


FiQ.  19.  —  GaiNDmo  ▲  Tapbb  SpmDLB. 
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Set  automatic  feed  to  feed  .001^  at  both  ends  of  stroke  and 
to  grind  .002^  large,  then  use  pinch  feed  to  finish. 

Mount  spindle  A  on  dead  centers. 

Place  two  universal  back  rests  B  and  B^  against  straight 
portions  of  work.  After  straight  portions  are  ground,  set 
swivel  table  to  grind  taper  bearing  C.  To  obtain  correct 
taper,  take  light  cuts,  try  taper  in  box  and  adjust  table  until 
taper  fits.     Use  Prussian  bliie  for  marking  in  taper  hole. 

64.  To  grind  taper  collet,  A,  Fig.  20. 

Collet  blank,  machine  steel.  Rough  turned  .010''  to  .020" 
large  and  recess  at  B. 

Corundum  grinding  wheel  (plain)  12''  X  Yt  No.  54  Combi- 
nation^ Grade  M,  vitrified. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 

Feed,  |  width  of  wheel. 

True  wheel  and  centers. 


UNIVIfltAL  QfllNOINQ  MAOHINS 

CORUNDUM  WHEEL   54  COMB.  M  VITftlFICD 


FiQ.  20.  —  Grinding  a  Tapbb  Collbt. 

Set  automatic  feed  to  feed  at  both  ends  of  stroke  and  to 
grind  to  .002^  large,  then  use  pinch  feed  to  finish. 

Place  stub  mandrel  C,  Cin  taper  hole  of  collet  A,  mount  on 
centers. 

Set  swivel  table  to  grind  taper.  To  obtain  correct  taper, 
take  light  cuts,  try  taper  in  gage  or  spindle  hole  and  adjust 
table  until  taper  fits.  'Use  Prussian  blue  for  marking  in 
bole. 
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INTERNAL  GRINDING 

66.  Internal  grinding  is  the  process  of  grinding  straight  or 
taper  holes  smooth  and  true,  in  gears,  milling  cutters,  gageSj 
spindles,  cylinders,  machine  parts,  etc., 
hardened,  case-hardened  or  unhardened. 
Special  internal  grinding  machines,  and 
internal  grinding  attachments  are  used 
for  universal  and  cutter  grinding  ma- 
chines. Softer  wheels  are  used  than  for 
external  grinding  as  the  contact  is  Fig.  21.  — Dibbctign  or 
greater.  Fig.  21  shows  relation  of  work  Rotation  of  Wgbk  and 
1     1      ,  Wheel  for  Internal 

^^.^^^1-  Gbinding. 

Vitrified  grinding  wheels  for  internal 

grinding  range  from  i"  to  2^"  in  diameter,  and  from  i"  to 
I"  face.  They  are  made  from  Nos.  120,  90,  80,  70  and  60 
of  the  different  abrasives  in  grades  J,  K,  i,  ^  and  1.  Elastic 
wheels  are  used  for  brass. 

Allowances  for  internal  grinding  should  be  much  less  than 
for  external  grinding  as  the  operation  is  much  slower  on 
account  of  the  small  wheel  and  lack  of  rigidity. 

UNIVCMAL  OinNOIN«  MAOHIMt 

comiNouM  wHtiL  46  K  vmnmo 


22.  —  Grinding  Hole  in  Automobilb  Gear. 


66.  To  set  machine  to  grind  straight  hole,  select  shaft 
about  ll'^  diameter  and  longer  than  hole  to  be  ground  and 
mount  in  chuck.  Grind  shaft  and  adjust  swivel  head  until 
machine  grinds  perfectly  straight,  then  arrange  machine  for 
internal  grinding. 

57.  To  grind  hole  in  case-hardened  automobile  bevel  geaty 
Fig.  22. 
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Specifications :  Gear,  case-hardened.    Hole  0.010''  small. 

Machine  and  tools :  Universal  grinding  machine,  grinding 
wheel  (plain)  2"  X  f",  No.  46,  Grade  K,  vitrified.  Plug 
gage. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 

Feed:  Set  automatic  cross  feed  to  feed  .001''  at  one  end  of 
stroke  only  and  to  grind  .002"  small;  then  use  pinch  feed  to 
finish  or,  after  first  cut,  lock  cross  feed  and  use  pinch  feed  for 
both  roughing  and  finishing. 

True  wheel.    Set  machine  to  grind  straight. 

Arrange  machine  for  internal  grinding,  clamp  fixture  A  to 
wheel  stand.  Fasten  gear  B  to  face  plate  by  clamps  C  and 
true  up  gear  by  indicator  and  soft  hammer.  Rough  and 
finish  grind  hole  D  and  face  E  before  removing  work  from 
face  plate.    Test  hole  with  plug  gage  or  inside  micrometer. 

68.  To  grind  hole  in  milling  cutter.  Fig.  23. 


UNIVIItSAL  AND  tOd.  ^KINOINQ  MAOHINt 
CORUNDUM  WNIII.  #0  L   VITIIIFIEO 


Fig.  23.  —  Gbindinq  Holb  m  MujUno  Cttttbb. 

Speciflcations :  Cutter  hardened.    Hole  .008''  small. 

Machine  and  tools :  Universal  and  tool  grinding  machine, 
grinding  wheel  (plain)  J"  X  i",  No.  60,  Grade  L,  vitrified. 
Plug  gage. 
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Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 

Feed,  power  long.,  automatic  or  hand  cross  feed. 

True  wheel.    Set  machine  to  grind  straight. 

Arrange  cutter-grinding  machine  for  internal  grinding. 
Set  grinding  wheel  head  height  of  centers  by  gage,  and  clamp 
fixture  A  to  wheel  head.  Insert  special  chuck  with  expand- 
ing bushing  B  in  spindle. 

To  set  cutter  true,  clamp  cutter  C  lightly  to  face  plate, 
expand  bushing  with  screw  D,  then  clamp  cutter  firmly, 
loosen  and  remove  bushing. 

INTMNAL  QRINDINQ  MAOHINI 
POftHOUOHING^ACUNOUM.  WHEEL     70  J    VfTftlFlE* 
rem  FIN»HIIIO>  ALIMDUM   WHEEL    120  J    VITfClFlEO 


Fig.  24.  —  Grinding  Standard  Ring  Gage. 

59.  Special  internal  grinder,  Fig.  24,  is  used  for  grinding 
holes  as  small  as  y^jj"  in  diameter  with  a  range  of  speed  from 
10,000  to  100,000  R.P.M. 

Small  holes  are  ground  with  a  steel  plug  charged  with 
diamond  dust  or  powdered  bort. 

To  prevent  the  grinding  wheel  from  following  the  curve  of 
the  hole  caused  by  the  hole  being  smaller  at  the  middle  than  at 
the  ends  due  to  shrinkage  in  hardening,  the  table  feed  is  con- 
trolled by  a  mechanism  which  retards  and  accelerates.  It  is 
progressively  slower  from  near  end  to  middle  of  gage  and 
progressively  faster  from  middle  to  far  end,  and  inversely. 
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60.  To  grind  1"  standard  ring  gage,  Fig.  24. 
Specifications:    Carbon  steel  gage  blank,  hardened.     Hole 

.005'/  to  .008"  smaU. 

Machine  and  tools:  Internal  grinding  machine,  grinding 
wheel  f "  X  \'\  No.  70,  Grade  J,  vitrified.  For  very  fine 
finishing,  use  No.  120,  Grade  J,  vitrified. 

Speed  of  wheel,  5000  F.P.M.  (30,000  rev.).  Speed  of  work, 
65  F.P.M.  (250  jev.). 

Feed,  automatic. 

True  wheel.    Set  machine  to  grind  straight. 

Mount  gage  A  in  special  draw  in  chuck  B.  Adjust  to  re- 
tard feed  in  center  of  gage.  Grind  and  test  with  limit  gages 
C,  D.    Allow  .0004"  for  lapping. 

Attention.  —  Adjust  stroke  to  reverse  wheel,  as  at  £  and 
F  to  avoid  grinding  ends  of  hole  tapering. 

61.  To  grind  taper  hole  in  spindle,  fig.  25. 


iitetT 


UNIVKMAL  ORINDINO  MAOHINK 
CORUNDUM  WHEEL    80  J  VITRIFIED 


Fig.  25.  —  Grinding  Tapeb  Houb  in  Spindlb. 

Specifications:  Crucible  steel  spindle  blank.  Taper  hole 
mV  small. 

Machine  and  tools:  Universal  grinding  machine,  grinding 
wheel  (plain)  f "  X  |"  No.  80,  Grade  J,  vitrified. 

Speed  of  the  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 

Feed,  automatic. 

True  wheel. 
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Depth  of  cut  is  obtained  by  hand  cross  feed. 

Mount  one  end  of  spindle  A  on  dead  center  with  dog  fas- 
tened to  face  plate  by  belt  lacing  BB'  and  the  other  end  in 
steady  rest  C  with  a  strip  of  cloth  under  jaws.  Set  swivel 
table  to  grind  taper.  To  obtain  correct  taper  take  light 
cuts  with  grinding  wheel  D,  try  gage  E  in  taper,  and  adjust 
table  until  taper  fits.    Use  Prussian  blue  for  marking. 

Attentian.  —  Set  swivel  table  for  slight  tapers,  and  grinding 
wheel  slide  for  steep  tapers  and  large  angles.  Hold  short 
work  in  a  chuck. 


OYLINOIR  QIIINDINQ  MAOHINI 
CARBORUNDUM  WHEEL  46  J    VITRIFIED 

AUTOMOBUt 
CVL]NDEn\\£KHilU«T 


Fig.  26.  —  Grinding  Automobile  Engine  Ctundbb. 

62.  To  grind  automobile  cylindeii  Fig.  26. 

Use  cylinder  grinding  machine  to  grind  round,  straight 
and  smooth  bores  in  gas-engine  cylinders  and  other  work 
held  stationary,  wet  or  dry. 

E2ccentric  head  il,  is  an  eccentric  within  an  eccentric  and 
gives  spindle  B,  which  runs  in  eccentric  extension  sleeve  C 
and  wheel  D,  a  planetary  motion  and  also  provides  a  feed  by 
worm  screw  E  for  feeding  wheel  to  its  cut  and  to  grind  to 
correct  diameter. 
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Specifications :  Engine  casting.    Bore  0.010'^  small. 

Machine  and  tools:  Cylinder  grinding  machine,  grinding 
wheel  (plain),  3i"  X  f"  (offset),  No.  46,  Grade  J,  vitrified. 
Inside  micrometer  gage. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 

True  wheel. 

Set  and  clamp  rough-bored  automobile  cylinder  F  to  angle 
plate  G.  Aline  bore  of  cylinder  H  with  spindle  and  grind, 
then  move  cross  slide  J  and  aline  bore  of  cylinder  H'  and 
grind.     Measure  with  inside  micrometer  or  gage. 
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SBCTION  8 

SURFACE  GRINDING    CUTTER  GRINDING 

Surface  Grinding.    Surface  Grinding  Machines.    Problems  in  Surface 

Grinding.    Cutter  Grinding.    Adjusting  Tooth  Rest  and  Wheel 

for  Obtaining  Clearance.    Problems  in  Cutter  Grinding. 

SURFACE  GRINDING 

1.  Surface  grinding  machines  are  used  to  grind  accurately 
flat  surfaces  of  rough-planed  or  milled  work  hardened,  case- 
hardened  or  unhardened.     See  Grinding  Wheels,  pp.  704-7l0. 

High-power  vertical  manufacturing  surface  grinders  are 
used  to  grind  castings  and  drop  forgings  from  the  rough, 
rapidly  and  accurately.  Surface  grinding  is  also  used  where 
accuracy  is  not  required  and  takes  the  place  of  fiUng  and 
polishing,  saves  time,  files  and  emery  cloth.  The  work  is 
either  clamped  to  table,  held  in  chuck  or  fixture,  or  held  by 
magnetic  chuck. 

SURFACE  GRINDING  MACHINES 

2.  Surface  grinding  machine  describedi  Fig.  1. 


SCHEDULE 

OF  PARTS 

A  —  Base  fitted  with  locker. 

G  —  Grinding  wheel  head. 

jB  — Table. 

H  —  Handle  to  elevate  wheel 

C  —  Hand  long-feed  handle. 

head  G. 

D  —  Hand  cross-feed  handle. 

J  —  Exhaust    pipe    to    carry 

E  —  Automatic    feed    adjust- 

away dust. 

ment. 

K  —  Magnetic  chuck. 

F  and   F'  — Reversing   table 

L  —  Switch  for  turning  electric 

dogs. 

current  on  or  off. 

8oi 
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PROBLEMS  IN  SURFACE  GRINDING 
3.  To  grind  thin  machine  partSi  Multiple  grinding.  Fig.  1. 


SUnrAOK  QRINDINQ  MACHINE 


CORUNDUM 
WHEEL 

46tW 

SiLlCATE 


Specifications :  Ma- 
terial, carbon  steel 
rough  planed  0.020'' 
large  and  hardened. 

Machine  and  tools : 
Surface  grinding  ma- 
chine, grinding  wheel 
(plain)  9"  X  f ",  No. 
46,  Grade  }  TF,  sili- 
cate. 

Speed  of  wheel,  5000 
F.P.M.  Speed  of  work, 
20  F.P.M. 

Feed,  hand  or  auto- 
matic. 

True  wheel. 

Mount  work  M  (six 
pieces  at  once),  on 
magnetic  chuck. 

Finish    grind    one 
side,  reverse  and  light 
grind.    Remove  work 
and  measure  with  mi- 
crometer, replace  and 
Fig.  1.  — Grinding  Thin  Work  Held  by  grind  to  size. 
Magnetic  Chuck  on  Sxtrfacb  Grinding       Attention.  —  Some 
Machine.  ^qpJ^  jg  jQugh  ground 

on  both  sides,  to  relieve  strains  before  finishing. 

4.  Magnetized  master  blocks. — Steel  blocks  hardened, 
ground  and  lapped  square  or  at  any  desired  angle  and  magnet- 
ized,  are  used  to  hold  work  on  magnetic  chucks  to  reproduce 
different  angles  accurately.  Work  may  be  held  directly  on 
block,  or  more  firmly  by  placing  the  work  between  two  blocks. 
Fig.  2,  so  that  the  magnetic  circuit  will  pass  through  all  three. 
See  Magnetic  Chucks,  pp.  623-626. 
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6.  To  grind  work  square  held  with  magnetized  master 
blocks,  Figs.  2,  3. 


CORUKfOUH 

WHEEL 
46  H 


FiQ.  2. — Squabinq  Sidb  op  Work 
ON  Magnetic  Chuck,  Using 
Magnetized  Master  Blocks. 


Fig.  3. — Squarinq  End  op  Work 
ON  Magnetic  Chuck,  Using 
Magnetized  Master  Blocks. 


Specifications:  Material,  carbon  steel  planed  0.010^'  large 
and  hardened. 

Machine  and  tools:  Surface  grinding  machine,  grinding 
wheel  (plain)  9"  X  f ",  No.  46,  Grade  i  TT,  silicate. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  20  F.P.M. 

Feed,  hand  or  automatic. 

True  wheel. 


SCHEDULE  OF  OPERATIONS 


I.  Place  master  blocks  A,  A\ 
on  magnetic  chuck,  Fig.  2,  with 
brass  wire  B  (non-magnetic)  be- 
tween as  packing  block.  Place 
work  C  between  blocks,  turn  cur- 
rent on  chuck  to  hold  work  and 
grind  surface  D. 

II.  Place  surface  D  against  A 
and  grind  E. 


III.  Place  surface  D  against  A 
and  grind  F, 

IV.  Place  surface  E  against  A 
and  grind  G. 

V.  To  square  ends  place  master 
blocks  H,  H'y  on  magnetic  chuck, 
Fig.  3,  with  work  C  on  end  sep- 
arated from  table  by  piece  of 
brass  /,  and  grind  end  K,  reverse 
block  and  grind  opposite  end. 
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6.  To  grind  angular  work,  Fig.  4. 


CARBOF?UnrDilM 
WHE£L 

VITRIFIED 


FiQ.  4.  —  Grindinq  Angular  Work  on  Magnetic  Chuck,  Using 
Magnetized  Master  Blocks. 

Specifications :  Material,  carbon  steel  rough  planed  0.010^' 

large  and  hardened. 

Machine  and  tools :  Surface 
grinding  machine,  grinding 
wheel  (plain)  9"  X  |",  No. 
60,  Grade  1  TT,  silicate. 

Speed  of  wheel,  5000  F.P.M. 
Speed  of  work,  20  F.P.M. 
Feed,  hand  or  automatic. 
True  wheel. 

Place  square  master  block 

B  and  angular  master  block  C 

on  magnetic  chuck  with  brass 

wire  D  between,  in  such  a  pos- 

FiQ.  6.  —  Surface  Grindinq  with  ition  that  the  magnetic  circuit 

CuTTBB  Grinding  Machine.         is  completed  through  the  two 

blocks  and  the  work.    Place  work  A  on  angular  block  and 

grind  top  surface. 
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7.  To  grind  surface  of  castingi  Fig.  5. 
Specifications :  Iron  casting  rough  planed. 

Machine  and  tools :  Cutter  grinder,  clamps,  crystolon  or  car- 
borundum wheel  (disk)  6"  X  I",  No.  36,  Grade  M,  vitrified. 

Speed  of  wheel,  6000  F.P.M.    Speed  of  work,  50  F.P.M. 

Feed,  hand  or  automatic. 

True  wheel. 

Clamp  casting  A  to  table  plate  B,  adjust  revolving  wheel 
to  touch  work  lightly  and  grind. 

8.  Surface  grinding  with  planer  type  surface  grinding 
machinei  Fig.  6. 

CARBORUNDUM  WHEEL  36  M  VITRIFIED 


Fig.  6.  —  Surface  Grinding  Machine.    Planer  Type. 

Specifications :  Material,  iron  casting  planed  0.010''  large, 
to  be  ground  on  both  sides  to  produce  a  good  finish. 

Machine  and  tools :  Surface  grinding  machine,  planer  type, 
grinding  wheel  (plain)  9"  X  i",  No.  36,  Grade  M,  vitrified. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  20  F.P.M. 

Feed,  hand  or  automatic. 

True  wheel. 

This  machine  is  similar  to  planer  with  the  addition  of  hand 
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long,  feed  wheel  A.    Grinding  wheel  B  is  driven  from  drum  C. 
Work  D  is  clamped  to  table. 

9.  Surface  grinding  with  motor-driven  vertical  spindle 
surface  grinding  machine,  Fig.  7. 


Fig.  7.  —  Motob-driven  Vertical  Spindlb  Subfacb  Grindino 

MACmNB. 

Specifications:  Cast-iron  bearing  in  the  rough  ^"  to  iV" 
large. 

Machine  and  tools:  Motor-driven  surface  grinding  machine, 
grinding  wheel  (ring)  18"  X  5"  X  li"  face,  No.  20,  Grade  G, 
vitrified  carbolite. 

Speed  of  wheel  4200  F.P.M.    Speed  of  work  90  F.P.M. 

Feed,  hand  or  automatic. 

True  wheel. 
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This  is  a  type  of  high-power  vertical  grinding  machine  used 
for  grinding  castings  and  forgings  from  the  rough,  as  cast-iron 
bearings  A,  with  ring  wheel  B.  The  grinding  wheel  has  large 
contact  and  to  grind  work  rapidly  a  coarse  feed  and  a  stream  of 
water  is  used.  Work  is  held  on  rotating  magnetic  chuck  C  by 
magnetic  attraction.  The  work  is  prevented  from  slipping  by 
a  ring  placed  around  the  chuck  and  projecting  |  of  an  inch  or 
more  above  it. 


•PIOIAk  OfllNDINO  MAOHINB 


WWEEL 

36  M 

VITPTIflbO 
ADJUST  MEI^T 


FEen 

HAND 
WH£EL 


CftOflft 


Fig.  8.  —  Grinding  Piston  Ring. 


10.  To  grind  piston  ring.  Fig.  8. 

Specifications :  Material,  cast-iron  piston  ring,  turned  and 
squared  0.010"  large. 

Machine  and  tools:  Special  grinding  machine,  grinding 
wheel  (plain)  9"  X  i",  No.  36,  Grade  M,  vitrified. 

Speed  of  wheel,  5000  F.P.M.     Speed  of  work,  100  F.P.M. 

Feed,  hand  or  automatic. 

True  wheel.    Set  machine  to  grind  straight. 

Moimt  ring  A  on  magnetic  rotary  chuck  and  grind.  Re- 
move work  and  measure  with  micrometer.  With  a  fine  feed 
a  smooth  finish  may  be  obtained. 
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CUTTER  GRINDING 

11.  Cutter  grinding  machines  are  used  to  grind  clearances 
on  cutters,  reamers  and  similar  work.  They  are  also  used 
for  light  cylindrical  and  surface  grinding  and  are  a  necessary 
supplement  to  milling  machines. 

12.  Cutter  grinding  machines  described,  Fig.  9. 


SCHEDULE  OF  PARTS 

A  —  Column. 

B  —  Knee,  can  be  swiveled 
completely  around  column  and 
adjusted  up  or  down. 

C— Table.    C  —  Swivel  table. 

D  —  Universal  headstock,  has 
vertical  and  horizontal  adjust- 
ment   on    head    graduated    in 


TiQ,  0. 


Tool  Grinder. 


E  —  Footstock  has  a  compen- 
sating center  to  allow  for  expan- 
sion of  work  dming  grinding. 

F  —  Grinding  wheel  head. 

G  —  Long,  feed  handle. 

H  —  Long,  feed  lever. 

/  —  Cross-feed  handle. 

K  —  Table-elevation  handle. 

CountershafL 

1.  Tight  and  loose  pulley  for 
driving  grinding  wheel  mecha- 
nism. 

2.  Belt  to  drive  grinding  wheel. 

3.  Shipper  to  start  and  stop 
grinding  wheel 

4.  Tight  and  loose  pulley  mech- 
anism for  work. 

5.  Work  drum. 

6.  Belt  to  drive  work. 

7.  Shipper  to  start  and  stop 
work. 
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13.  To  grind  centers.  Fig.  10.  —  Adjust  vertically  to  bring 
work  centers  same  height  as  wheel  spindle.  Belt  machine  to 
revolve  center.  Remove  live  center,  clean  hole  with  waste, 
insert  center.  Swivel  table  to  30®.  Use  power  feed  and 
grind.    Test  with  60**  center  gage. 


swivel  table  set  30'* 
Fig.  10.  —  Grinding  Center  with  Cutter  Grinding  Machine. 


14.  To  grind  strai^t.  —  Setting  to  zero  lines  at  scale  end 
is  suflSciently  accurate  for  ordinary  cutter  grinding,  but  for 
reamer  grinding  and  to  obtain  accuracy,  grind  trial  piece  on 
centers  and  adjust  until  desired  accuracy  is  obtained.  See 
Setting  Swivel  Table  for  Straight  Grinding,  p.  7l2. 

16.  Grinding  wheels  for  cutters  should  not  be  finer  than 
90  or  coarser  than  46,  and  of  soft  or  medium  grades  /,  J  or  K. 
Periphery  speed  of  wheel  should  be  about  5000  feet  per 
minute. 

16.  Depth  of  cut  and  feed.  —  Take  light  cuts  from  .002" 
to  .004"  and  move  cutter  rapidly  across  face  of  wheel,  if 
necessary  go  around  cutter  two  or  three  times  rather  than 
take  a  heavy  cut  which  would  draw  the  temper. 
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ADJUSTING  TOOTH  REST  AND  WHEEL  FOR  OBTAINING 
CLEARANCE 

17.  Center  height  gage.  —  To  set  center  of  wheel  spindle  at 


Fig.  1L  —  Sbttinq  Grinding  Wheel  E^bight  of  Centers. 

height  of  work  centers,  raise  wheel  head  or  lower  table  until 

centering  lug  A,  Fig.  11,  is  same  height  as  center  height  gage  B. 

Tooth  rest  A,  Figs.  12,  13,  supports  tooth  when  grinding 


Fig.  12.  —  Setting  Tooth  Rest  Height  of  Center  Rest  Fastened 

TO  Table. 

clearances  on  cutters  and  reamers,  and  is  set  at  height  of 
work  centers  by  center  height  gage  B,  Figs.  12,  13. 
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FiQ.  13.  —  SirmNa  Tooth   Rest  Hbiqht  of  Cbntbbs.    Rbbt  Fas- 
tened TO  Wheel  Head. 

18.  Cutter  and  reamer  clearances.  —  Milling  cutters  under 
3"  in  diameter  are  given  a  tooth  clearance  of  from  6**  to  7**; 
those  3"  and  over,  4**  to  5"",  see  Figs.  14,  15. 


WIDTH  OP  LAND    A 


BEVEL 

Pf^O  TRACTOR 


FiQ.  14.  —  Anqle  of  Teeth  and      Fiq.  15. — Measubino  Clearance 
Wn>TH  OF  Land    of   MnxiNO       of  Teeth  of  Mn^LiNO  Cutteb. 

CUTTEB. 


DOUBLE 
CLEARANCE 


CLEARANCE 


A  B  .• 


FiQ,  16.  —  Reameb  Cleabancb. 
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Reamers  are  given  4°  clearance,  as  at  A,  Fig.  16. 

Reamers  with  thick  teeth  are  given  a  double  clearance; 
the  first  about  3**  and  the  second  6^,  as  at  S,  to  remove  stock 
and  leave  a  narrow  land  back  of  cutting  edge.  Some  makers 
give  reamers,  C,  a  convex  clearance,  as  at  D. 

19.  Disk  and  Cup  wheels.  —  Cutters  and  reamers  are 
ground  by  two  methods  either  the  periphery  of  disk  wheels 
or  the  side  faces  of  cup  wheels. 

Disk  Wheels  give  a  slightly  concave  clearance,  while  cup 
wheels  give  a  straight  line  clearance.  The  tendency  seems 
to  favor  the  latter  method  for  wide  lands. 

20.  Direction  to  revolve  wheel.  —  Fig.  17,  shows  two 
methods  (down  and  up)  of  grinding  cutters  and  reamers. 


CUTTER 


TOOTH 
RlST 


Fig.  17.  —  Disk  Wheel.    Relation  op  Tooth  Rest,  MiLLma 
Cutter  and  Wheel  to  Grind  Tooth  Clearance. 


There  is  a  difference  of  opinion  as  to  which  method  produces 
the  keener  cutting  edge.  The  "  down  "  method  is  safer  as 
the  tooth  cannot  be  lifted  by  action  of  wheel. 

21.  To  obtain  clearances  on  cutter  and  reamer  teeth  when 
grinding  with  disk  wheels.  Fig.  17.  —  Set  tooth  rest  at  height 
of  work  centers  with  center  height  gage  and  center  of  wheel 
spindle  (dial  at  zero)  in  same  plane.  Then  raise  wheel  (or 
lower  table  on  some  grinders)  amount  for  clearance,  as  at 
Ay  A'  which  varies  with  angle  of  clearance  and  diameter  of 
wheel  and  is  calculated  by  the  following  formula: 

22.  To  calculate  elevation  for  Disk  Wheels: 

Formula  =  Constant  for  1**  clearance  (.0088")  X  clearance 
angle  X  diameter  of  grinding  wheel. 
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DOWN  METHOD 

Uf  METHOD 

WFLUKQ 

MILUNO 

CUTTCir 

CUTTfIt 

Example,  —  To  find  elevation  of  wheel  center  for  7®  clear- 
ance angle,  diameter  of  grinding  wheel  6". 

Solution.  —  .0088'^  x  7  X  6  =  .3696"  or  f";  amount  to  ele- 
vate wheel  or  to  lower  table. 

Example.  —  To  find  elevation  of  emery  wheel  center  for 
4^  clearance  angle,  diameter  of  grinding  wheel  7". 

Solution.  —  .0088"  X  4  X  7  =  .2464"  or  J";  amount  to  ele- 
vate wheel  or  to  lower  table. 

Attention.  —  The  tooth  rest  may  be  lowered  to  obtain  clear- 
ance instead  of  raising  wheel  or  lowering  table.  Use  formula 
as  trial  setting  only.  Test  with  bevel  protractor,  Fig.  15, 
and  change  elevation  if  necessary. 

23.  To  obtain  clearances  on  cutter  and  reamer  teeth  when 
grinding  with  Cup  Wheels, 
Fig.  18.  —  Set  wheel  (or  table) 
dial  at  zero.  Fasten  tooth  rest 
to  wheel  head  (stationary). 
Fig.  13,  and  adjust  to  center 
height  gage.  Then  lower  wheel 
head  (or  raise  table)  amount 
for  clearance,  as  at  A  or  A'  Fig.  18.  — Cxtp  Wheel.  Relation 
which  varies  with  angle  of  op  Tooth  Rest,  Mujjnq  Cutter 
clearance  and  diameter  of  ^^^^  Wheel  to  Grind  Tooth 
cutter  or  reamer.  Cudarance. 

24.  To  calculate  distance  to  lower  tooth  rest  for  Cup 
Wheels.     , 

Formula  =  Constant  for  1®  clearance  (.0088")  X  clearance 
angle  X  diameter  of  cutter  or  reamer. 

Example.  —  1"  hand  reamer  has  angle  clearance  of  4®. 
Find  amount  to  lower  tootli  rest. 

Solution.  —  .0088"  X  4  X  1  =  .0352"  or  ^"  -h. 

Example.  —  1"  hand  reamer  has  two  clearance  angles  on 
each  land,  see  p.  Sll,  1st  of  3**,  2d  of  6**.  Find  amount  to  lower 
tooth  rest. 

Solution  for  3^.  —  .0088"  X  3  X  1  =  .0264"  or  ^"  -. 

Solution  for  6^  —  .0088"  X  6  X  1  =  .0528"  or  A"  +• 


TOOTH 
ftEST 
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26.  Indexing  cutters  and  reamers.  —  To  grind  the  teeth 
so  that  each  tooth  will  be  a  counterpart  of  the  others,  the 
cutter  or  reamer  is  indexed  from  the  teeth  with  the  tooth 
rest.  After  the  tooth  rest  and  cutter  are  properly  adjusted, 
a  tooth  is  pressed  lightly  on  tooth  rest  by  hand  and  ground. 
To  grind  next  tooth,  first  index  by  revolving  cutter  backward 
against  spring  tooth  rest,  then  press  the  tooth  to  be  ground 
lightly  on  the  tooth  rest  and  grind.  Repeat  process  until 
all  the  teeth  are  ground. 

PROBLEMS  IN  CUTTER  GRINDING 

26.  To  grind  clearance  on  teeth  of  plain  milling  cutter. 
Fig.  19. 


UNIVBRSAL  TOOL    AND  CUTTIR    OfllNDIfl 

INDEXING  FROM   TEETH 

CORUNDOhrf  WMEEL    GO  t  OH  J  VtTRIFICO 


Fig.  19.  —  Grinding  Plain  Milling  Cutter. 

Specifications :  Plain  milling  cutter  2Y'  X  i". 

Machine  and  tools :  Universal  tool  and  cutter  grinder,  head 
and  footstock,  tooth  rest  and  holder,  grinding  wheel  (disk) 
7"  X  i",  No.  60,  Grade  /  or  J,  vitrified.    Bevel  protractor. 

Speed  of  wheel,  5000  F.  P.M.    Hand  feed  (lever) ,  1"  mandrel. 

Grind  dry. 

Time :  3  min.  (once  around)  with  machine  "  set  up." 
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SCHEDULE  OF  OPERATIONS 


Oil  machine. 

True  wheel.  Set  machine  to 
grind  straight. 

L  Hold  cutter.  Place  cutter  A 
on  plain  mandrel  B,  or  gang  man- 
drel. 

IL  Set  tooth  rest  Clamp  tooth- 
rest  holder  to  table  and  set  tooth 
rest  C  at  height  of  centers,  as 
in  Figs.  11, 12,  with  center  height 
gage  or  surface  gage,  and  elevate 
center  of  wheel  D  |"  above  centers 
for  a  6"  wheel  and  a  V  clear- 
ance. 

IIL  Grind  clearance.  Mount 
work  on  centers.  Start  grinding 
wheel.  Press  cutter  lightly  on 
tooth  rest.  Move  cutter  to  touch 
revolving  grinding  wheel  by  hand 
cross-feed  wheel  and  take  a  cut 


of  from  .002"  to  .004".  With 
hand  long,  feed  E,  move  cutter 
forward  and  backward  quickly,  to 
grind  clearance. 

IV.  Test  ani^e  of  clearance. 
With  bevel  protractor,  test  angle 
of  clearance,  as  in  Fig.   15;    if 
necessary,  change  height  of  wheel 
to  get  desired  clearance. 

V.  Index.  Lidex  cutter  to  next 
tooth  by  revolving  it  backward 
against  spring  tooth  rest,  then 
press  the  tooth  to  be  ground 
lightly  on  the  tooth  rest  and 
grind. 

Repeat  until  all  teeth  are 
ground.  Take  cuts  of  from  .002" 
to  .004"  each,  and  go  around  at 
least  twice.  Clean  machine  with 
brush  and  waste. 


Warninq.  —  Take  several  light  cuts  in  preference  to  one 
heavy  cut  that  may  draw  the  temper. 

Information.  —  There  is  no  standard  width  of  land  for  the 
teeth  of  milling  cutters,  but  cutters  not  over  3"  in  diameter 
are  usually  milled  to  give  a  land  of  about  i^"  in  width,  and 
ground  to  give  a  land  of  about  ^". 

Attention.  —  Plain  cutters  that  are  made  in  large  lots,  or 
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Fia.  20.  —  Grindino  Insebtbd  Tooth  Milling  Cuttbr. 
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when  used  in  gang  milling,  are  mounted  on  a  mandrel  and 
rotary-ground  to  diameter  before  grinding  clearance. 

27.  To  grind  inserted  tooth  milling  cutter,  Fig.  20. 
Specifications :  8^'  inserted  tooth  milling  cutter. 
Machine  and  tools :  Cutter  grinder,  universal  head,  tooth 

rest  and  holder,  grinding  wheel  (cup)  5'^  No.  60,  Grade  /, 
vitrified. 

Speed  of  wheel,  5000  F.P.M.    Hand  feed. 

True  wheel.    Set  machine  to  grind  straight. 

For  method  of  grinding  clearance,  see  p.  8l4. 

28.  To  grind  radial  teeth  of  side  milling  cutter,  Fig.  21. 


«fllV«ll«AL  TOOL  AND  OUTTSII 
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Fig.  21.  —  Grinding  Radial  Tebth  of  Side  Miluno  Cutter. 

Specifications :  3^'^  side  milling  cutter. 

Machine  and  tools:  Universal  tool  and  cutter  grinding 
machine,  universal  head,  tooth  rest  and  holder,  grinding 
wheel  (bevel  cup)  6"  X  i".  No.  60,  Grade  K,  vitrified.  Bevel 
protractor. 

Speed  of  wheel,  6000  F.P.M.     Hand  feed. 

TVue  wheel. 
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Place  cutter  A  on  arbor  B  and  mount  in  holder  in  universal 
head  C  which  has  both  vertical  and  horizontal  adjustments. 
Adjust  tooth  rest  D  at  same  height  as  center  of  cutter.  Set 
horizontal  swivel  E  about  J®  away  from  90®,  knee  F  at  90® 
and  vertical  swivel  Q  4®  from  90®  to  give  required  clearance. 
Raise  wheel  by  hand  wheel  R  to  clear  tooth  below  one  being 
ground  and  move  knee  J®  from  90®  to  give  wheel  clearance. 
Arrange  table  dogs  and  grind  teeth. 

Attention.  —  Grind  from  2®  to  4®  clearance  on  teeth  of  side 
and  end  mills,  and  from  .001"  to  .002"  concave  by  setting 
swivel  head  i®  away  from  90®. 

Information.  —  When  the  "  lands  "  of  radial  teeth  become 


ONWtKSAL  AHOTOOL  Of^lNDIHa  MAOHINB 


TAPER  ftHANK 


Fig.  22.  —  Grinding  End  Mill. 

very  wide  from  frequent  grinding,  the  teeth  may  be  "  stocked  " 
or  ground  by  raising  the  swivel  head  about  30®  and  grinding 
the  teeth  to  a  larger  angle  leaving  narrow  ''lands''  to  be 
ground  to  a  smaller  angle  for  clearance. 

29.  To  grind  end  mill.  Fig.  22. 

Specifications :  1^'  end  mill. 

Machine  and  tools :  Universal  and  tool-grinding  machine, 
universal  head,  taper  shank  holder,  tooth  rest  and  holder, 
grinding  wheel  (bevel  cup)  4''  X  i",  No.  60,  Grade  I  or  J, 
vitrified. 
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Speed  of  wheel,  6000  F.P.M.    Hand  feed. 

TVue  wheel. 

Place  shank  of  mill  A  in  taper  shank  holder  B  and  mount 
in  universal  head.  Set  horizontal  swivel  C  about  ^^  away 
from  90®.  Set  vertical  swivel  D  at  3®  for  clearance.  Adjust 
tooth  rest  E  to  height  of  mill  center,  raise  wheel  to  Qlear  tooth 
below  one  being  groimd  and  set  it  J®  from  90®  for  wheel  clear- 
ance.   Arrange  table  dogs  and  grind  teeth  with  lever  feed. 

30.  To  grind  angular  cutter,  Fig.  23. 


OUTTCR  QRINDBR 
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Fig.  23.  —  Grindinq  Anqulab  Milunq  Cuttbr. 

Specifications :  70^  angular  milling  cutter. 

Machine  and  tools:  Cutter  grinder,  swivel  head,  tooth 
rest  and  holder,  grinding  wheel  (disk)  6"  X  i",  No.  60, 
Grade  J,  vitrified. 

Speed  of  wheel,  6000  F.P.M.    Hand  feed. 

True  wheel. 

Place  cutter  A  on  arbor  B  and  mount  in  universal  head. 
Set  vertical  swivel  C  at  90®  and  horizontal  swivel  D  at  70®. 
Bolt  tooth  rest  E  to  universal  head  and  set  at  height  of  center 
of  cutter.  Set  cutter  below  center  of  wheel  spindle  for  6** 
clearance.  Set  reversing  stops  and  operate  machine  by  lever 
feed. 

Warning,  —  In  grinding  angular  cutters  and  taper  reamers, 
care  should  be  taken  to  set  the  tooth  rest  the  proper  height. 
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for  any  variation  above  or  below  center  line  of  tooth  will 
change  angle  of  cutter  or  taper  of  reamer. 

AttenHon.  —  The  radial 
teeth  of  angular  cutters  are 
ground  by  the  same  process 
as  the  radial  teeth  of  side  and 
end  mills,  see  pp.  8I6-8I8. 

31.  To  grind  clearance  on 
teeth  of  spiral  milling  cut- 
ter, Fig.  24. 

Spedflcations:  2i"  X  3" 
spiral  milling  cutter. 

Machine  and  tools :  Cut- 
ter grinder,  head  and  foot- 
stock,  spUt  tooth  rest  and 
holder,  grinding  wheel  (disk) 
7"  X  i'',  No.  60,  Grade  J,, 
vitrified.    Bevel  protractor. 

Speed     of     wheel,     5000  Fig.  24.  —  Grinding  Spiral  Milling 
F.P.M.    Grind  dry. 


Cutter,    Indexing  from  Teeth. 


Time:  4  min.  (once  around),  with  machine  "  set  up." 
SCHEDULE  OF  OPERATIONS 


Oil  machine. 

True  wheel.  Set  machine  to 
grind  straight.  Set  center  of 
wheel  at  height  of  centers. 

L  Hold  cutter.  Place  cutter  A 
on  cutter  bar  B  which  is  mounted 
in  holder Cshown in  detail  SLiA',B\ 

XL  Settoothrest  Clamptooth- 
rest  holder  to  wheel  head  and  set 
tooth  rest  D  at  the  same  angle  as 
spiral  of  mill  and  at  height  of 
centers,  with  center  height  gage 
E  directly  opposite  the  middle  of 
wheel,  so  that  flexible  part  F  wiU 
clear  the  wheel  when  indexing 
cutter,  then  lower  center  of  wheel 


T^ff"  below  centers  for  6''  wheel 
and  6**  clearance. 

in.  Grind  clearance.  Start 
grinding  wheel  and  press  mill  A 
firmly  against  tooth  rest  F.  Move 
cutter  to  touch  revolving  wheel 
lightly,  by  hand  cross-feed  wheel 
and  with  other  hand,  move  cutter 
across  face  of  wheel  with  a  spiral 
motion,  taking  care  to  keep  cutter 
teeth  always  against  tooth  rest. 
Move  cutter  back  still  pressing  on 
tooth  rest,  and  index  to  grind 
next  tootbfc 

Clean  machine  with  brush  and 
waste. 
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32.  To  grind  hand  reamer  A  with  Cup  Wheel  B,  Fig.  25. 

Specifications :  1''  solid  hand  reamer. 

Machine  and  tools:  Universal  cutter  grinder,  head  and 
footstock,  tooth  rest  and  holder,  grinding  wheel  (cup)  4" 
diameter,  No.  60,  Grade  if,  vitrified.    Bevel  protractor. 

Speed  of  wheel,  5000  F.P.M.    Hand  feed  Gever). 

True  wheel.     Set  machine  to  grind  straight. 


UNIVmtAL  CUTTKIt  aitlNOEIt—  CORUNDUM  WHtEL  60  K  VITItlFlEO 
UVCL 
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Fig.  26.  —  Grinding  Hand  Bjbameb  with  Cup  Whebl. 

Set  knee  \^  away  from  center  to  give  wheel  B  clearance,  as 
at  jB'.  Set  tooth  rest  C  at  height  of  centers.  Lower  tooth 
rest  to  give  4^  tooth  clearance,  see  p.  8l3.  Mount  reamer  on 
centers,  adjust  and  clamp  tooth  rest. 

Grind  teeth  straight  and  to  required  diameter  1.0004". 
Swivel  table  to  1^  and  grind  taper  D  on  end,  a  distance 
equal  to  diameter  of  reamer  or  less.  Bevel  ends  of  teeth  at 
E.  For  jig  reamers,  omit  taper  but  grind  bevel  on  end  of 
teeth,  as  at  F. 

Attention.  —  To  grind  the  teeth  of  a  spiral  hand  reamer,  as 
at  Of  holder  for  split  tooth  rest  H  is  bolted  to  wheel  head. 
See  Fig.  13. 
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33.  To  grind  hand  reamer  A  with  Disk  Wheel  B,  Fig.  26. 

Specifications :  1''  adjustable  hand  reamer. 

Machine  and  tools :  Universal  grinding  machine,  head  and 
footstock;  tooth  rest  and  holder,  grinding  wheel  (disk)  7" 
X  h"f  No.  60,  Grade  J,  vitrified. 

Speed  of  wheel,  5000  F.P.M.    Hand  feed. 

True  wheel.    Set  machine  to  grind  straight. 

Set  tooth  rest  C  at  height  of  centers.  Mount  reamer  on 
centers,  adjust  and  clamp  tooth  rest. 

UNIVIR8AL  QRCNDINO  MAOHINC 

CORUNDUM 
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Fio.  26.  —  Grinding  Hand  Reamer. 

To  obtain  clearance,  lower  centers  of  wheel  spindle  below 
reamer  center.  Grind  teeth  straight  and  to  standard  diam- 
eter by  trial  cuts,  then  swivel  table  1®  and  grind  end  of  teeth 
taper,  see  D,  Fig.  25,  a  distance  from  end  equal  to  diameter  of 
reamer  or  less. 

34.  To  oilstone  reamer  for  clearance  and  size.  Fig.  27.  — 
Hand  reamers  are  often  ground  cylindrically  true  .0001"  to 
.0004"  oversize,  then  ground  for  clearance  almost  to  edge 
and  stoned  to  size,  as  follows:  Hold  reamer  A  in  vise  between 
copper  jaws  and  stone  each  blade  with  oilstone  B,  used  as  in 
draw  filing.    Stone  heel  of  tooth  first  then  gradually  approach 
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to  cutting  edge.    Ream  hole  and  test  with  standard 
gage.    Repeat  process  until  hole  fits  gage. 


plug 


HAHO  REAMER 
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Fio.  27.  —  Stoning  Reamer  to  Size. 

36.  To  grind  taper  reamer  A^  Fig.  28. 
Specifications :  No.  3  Morse  standard  taper  reamer. 
Machine  and  tools:   Cutter  grinding  machine,  head  and 
footstock,  tooth  rest  and  holder,  grinding  wheel  (disk)  6'' 

OUTTIR  QRINDINQ  MACHINB 
ALUNOUM  WHEEL  60    J     VITRIFIED 


FiQ.  28.  —  Grinding  Taper  Reamer. 

X  i",  No.  60,  Grade  J,  vitrified.    No.  3  Morse  standard 
taper  ring  gage. 

Speed  of  wheel,  6000  F.P.M.     Hand  feed. 

True  wheel. 
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Set  center  of  wheel  B  at  height  of  centers  and  machine  to 
grind  taper.  Clamp  tooth-rest  holder  to  wheel  head  and  set 
tooth  rest  C  at  height  of  centers.  Mount  reamer  on  centers, 
lower  wheel  head  for  clearance.  Set  dogs  to  limit  stroke, 
press  reamer  on  tooth  rest  and  grind. 

OUTTEft  QftlNOCR 
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FiQ.  29.  —  Grindinq  Gear  Cuttbb. 

36.  To  grind  gear  cutter  (formed  cutter),  Fig.  29. 

Specifications :  No.  4,  10  pitch  gear  cutter. 

Machine  and  tools:  Cutter  grinder,  gear  cutter  grinding 
attachment,  grinding  wheel  (dish)  6",  No.  46,  Grade  IJ, 
elastic. 

Speed  of  wheel,  5000  F.P.M.     Hand  feed. 

True  wheel. 

Grind  gear  cutter  A,  A'  with  wheel  B,  Fasten  gear  cutter 
grinding  attachment  C  to  table  and  mount  cutter  upon  it. 
Set  knee  at  slight  angle  to  axis  of  wheel  spindle  to  bring 
edge  of  wheel  in  contact  only,  as  at  B\  Set  cutting  edge 
of  wheel  in  same  plane  with  center  of  cutter  with  special 
gage  or  straight  edge,  grind  teeth  radially.  Set  pawl  tooth 
rest  D  and  D^  against  back  of  tooth  and  adjust  until  tooth  is 
radial,  then  clamp.  Adjust  stop  E  to  limit  travel  so  that 
wheel  will  just  touch  bottom  of  groove.    To  grind,  press 
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cutter  lightly  against  tooth  rest  D  and  operate  lever  feed  F. 
To  index  to  next  tooth,  move  cutter  back  with  lever  F,  re- 
volve cutter  away  from  tooth  rest  D,  then  again  press  lightly 
against  tooth  rest  D  and  grind.  Take  light  cuts  and  go 
around  twice,  if  necessary,  rather  than  one  heavy  cut  that 
may  draw  the  temper. 

Attention.  —  The  teeth  of  formed  cutters  should  be  ground 
radially  and  equidistantly  or  they  will  not  cut  correct  form. 

UNIVIR8AL  ORINDCR 
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Fig.  30.  —  Grinding  Formed  Cutter. 

37.  To  grind  formed  cutter,  or  a  hob,  Fig.  30. 

Spedflcations :  ^''  formed  concave  cutter. 

Machine  and  tools :  Cutter  grinder,  universal  head,  tooth 
rest  and  holder,  grinding  wheel  (dish)  6",  No.  46,  Grade  IJ, 
elastic. 

Speed  of  wheel,  5000  F.P.M.    Hand  feed. 

True  wheel.    Set  machine  to  grind  straight. 

Mount  cutter  A  on  centers  and  wheel  B  on  spindle,  or 
mount  work  on  bar  C  and  hold  in  universal  head.  Clamp 
tooth  rest  D,  D'  to  table  and  adjust  to  grind  teeth  radially. 
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38.  To  sharpen  tap,  Fig.  31. 

Spedflcations:  }"  X  10  U.  S.  S.  tap. 

Machine  and  tools:  Universal  cutter  grinder,  universal 
head,  tooth  rest  and  holder,  grinding  wheel  (round  face), 
6"  X  i",  No.  80,  Grade  J,  vitrified. 


u  #1 1  ve  R  a  Ai^xirt  mot  n 


Fia.  dl.-^SHARPBNINQ  TaP. 
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Fig.  32.  —  Grindinq  Flat  Cutter. 

Speed  of  wheel,  5000  F.P.M.     Hand  feed. 

True  wheel.    Set  machine  to  grind  straight. 

Mount  tap  A  in  universal  head  or  on  centers.  Use  thin 
rounded-face  wheel  B.  Clamp  tooth  rest  C  to  table  and 
adjust  BO  that  teeth  will  be  ground  radially.    Use  hand  feed. 
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39.  To  grind  flat  cutter,  Fig.  32. 

Specifications :  1^^'  radius  flat  cutter. 

Machine  and  tools :  Cutter  grinder,  clamps,  grinding  wheel 
(disk)  6''  X  i",  No.  46,  Grade  J,  vitrified. 

Speed  of  wheel,  6000  F.P.M.     Hand  feed. 

True  wheel. 

Fasten  cutter  firmly  to  table  by  clamps  C.  Set  wheel 
head  D  at  right  angles  to  table,  lower  wheel  until  it  just 
touches  work  and  grind  with  lever  feed  E  and  cross  feed  F. 


UNIVBRSAL  AND   TOOL  QRINOlNO  MACHINS 
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Fia.  33.  —  Grindinq  Convex  Cutter. 


40.  To  grind  convex  cutter,  Fig.  33. 

Specifications :  Convex  cutter. 

Machine  and  tools:   Cutter  grinder,  circular  attachment, 
tooth  rest  and  holder,  grinding   wheel   (concave)   7"  X  i'\ 
No.  60,  Grade  K,  vitrified. 
^  Speed  of  wheel,  6000  F.P.M.     Hand  feed. 

True  and  shape  wheel. 

Convex  cutter  A  is  ground  with  wheel   B  and  circular 
attachment  C  which  is  for  grinding  convex  and  concave 
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cutters.    First  true  wheel  to  radius  to  be  ground  with  carbon 
IK>int  D  and  holder  E  clamped  in  position  at  E'. 

Mount  cutter  in  position  and  set  tooth  rest  F  height  of 
center  of  work.  Locate  wheel  and  cutter  for  clearance  and 
bring  center  of  radius  to  be  ground  directly  over  center  of 
pivoting  pomt  of  attachment.  Grind  teeth  with  light  cuts, 
feed  at  Oj  and  swing  handle  H. 


CUTTER  QRINDCR 

CORUNDUM    WHEEL  46  jW  SILiCATt 


Fig.  34.  —  Grinding  Side  of  Slitting  Saw. 

41.  To  grind  sides  of  slitting  saW|  Fig.  34. 

Specifications :  6'^  X  \"  slitting  saw. 

Machine  and  tools :  Cutter  grinder ,  headstock,  expansion 
bushing,  grinding  wheel  (bevel  disk)  8''  X  |",  No.  46,  Grade 
J  TF,  silicate.    Micrometer. 

Speed  of  wheel,  6000  F.P.M.  Speed  of  work,  50  F.P.M. 
Automatic  feed. 

True  wheel. 

Mount  slitting  saw  A  on  face  chuck  B  and  hold  in  place 
by  expansion  bushing  C  which  is  expanded  by  screw  D,  or 
use  a  magnetic  rotary  chuck.  Swivel  wheel  head  ^^  to  grind 
concave  to  give  saw  clearance.    Set  stops  and  grind. 

Attention.  —  The  sides  of  plain  milling  cutters  are  ground 
by  the  same  process. 
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42«  To  grind  caliper  gage,  Fig.  35. 
Specifications:    6''  caliper  gage. 


UMIVM«AL  AND  TOOL  antfNOIMQ  Mi^QHlMl 

VITfttFlED 


Fig.  35.  —  Grinding  Caupeb  Gagb. 


COFtUHDUH    WH£IL 
46    1^    ELASTIC 


Fig.  36.  —  Grinding  Straight  Edge. 

Machines  and  tools:  Cutter  grinder,  vise  and  fixture, 
grinding  wheel  (double  cup)  V  X  f",  No.  120,  Grade  0  or  H, 
vitrified.    Inside  micrometer  gage. 
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Speed  of  wheel,  5000  F.P.M.    Hand  feed. 

True  wheel.    Set  machine  to  grind  straight. 

Grind  gage  A,  with  double-cup  wheel  B.  Set  wheel-center 
height  of  center  of  work  and  grind  both  ends  without  moving 
in  vise.  A  small  hole  is  drilled  in  comers  of  gage  for  wheel 
clearance. 

43.  To  grind  straight  edge.  Fig.  36. 

Specifications :  12'^  X  If'  beveled  straight  edge. 

Machine  and  tools :  Cutter  grinder,  clamps,  grinding  wheel 
(cup)  6"  X  i".  No.  46,  Grade  li,  elastic. 

Speed  of  wheel,  6000  F.P.M.  Speed  of  work,  50  F.P.M. 
Hand  feed. 

True  wheel.    Set  machine  to  grind  straight. 

Mount  straight  edge  A  on  table  B  and  hold  by  clamps  C, 
swivel  knee  ^^  so  that  only  edge  of  wheel  will  come  in  contact 
with  work.    Grind  to  finish  without  removing  work. 


UNIVEnaAl.  GRINDER 


CORLINDUM 
WHEEL 

54  COMB.  M 
VITRIFIED 


Fig.  37.  —  Qrindinq  Jiq  Bushing. 

44.  To  grind  jig  bushing,  Fig.  37. 

Specifications:  2'^  jig  bushing. 

Machine  and  tools:  Universal  grinder,  grinding  wheel 
(disk)  10"  X  i",  No.  54  Comb.,  Grade  M,  vitrified.  Mi- 
crometer. 
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Speed  of  wheel,  5000  F.P.M.  Speed  of  work,  50  F.P.M. 
Automatic  feed. 

True  wheel.    Set  machine  to  grind  straight. 

Bushing  A  is  ground  with  wheel  B.  Press  mandrel  C  into 
bushing,  mount  on  centers  and  grind  as  in  plain  cylindrical 
grinding.  A  groove  is  cut  in  bushing  at  D  for  wheel  clear- 
ance. 

UNIVCR8AL  QRINDINQ  MAOHINC 

ALUNOUM 
WHEEL 

60K 


Fig.  38.  —  Gbindinq  Taper  Shank  op  End  Mill. 

46.  To  grind  taper  shank  of  end  mill.  Fig.  38. 

Specifications :  V  end  mill,  Morse  taper  No.  2. 

Machine  and  tools :  Universal  grinding  machine,  aloxite  or 
alundum  wheel  (disk)  12''  X  i",  No.  60,  Grade  K,  vitrified. 
Taper  gage.    Prussian  blue. 

Speed  of  wheel,  5000  F.P.M.  Speed  of  work,  60  F.P.M. 
Automatic  feed. 

True  wheel. 

Shank  of  end  mill  A  is  ground  with  wheel  B.     Mount  on 


Digitized  by  VjOOQ IC 


CUTTING  OFF  TUBING 


831 


centers  with  dog  C    Set  table  to  required  taper  and  adjust 
table  dogs. 


OUTTCR  QRINDIR 

OORUNDUM  WHEEL  80    6     ELASTIO 


FiQ.  39.  —  CumNQ  opp  Tubing. 

46.  To  cut  off  tubing,  Fig.  39. 

Spedflcations:  1'' tubing. 

Machine  and  tools :  Cutter  grinder,  special  holder,  grind- 
ing wheel  (thin  i'O  T'  X  tV'',  No.  80,  Grade  6,  elastic. 

Speed  of  wheel,  5000  F.P.M. 

True  wheel  A,    Set  machine  to  grind  straight. 

Mount  tubing  B  in  holder  C  Start  machine  and  feed  by 
hand. 


CUTTm  ORINOINQ  MAOHINI 
ALUNDUM  WHEEL  60  K  VITRIFIED 


FiQ.  40.  —  Gbindinq  Habdbned  Lathb  Cbntbr. 

47.  To  grind  hardened  lathe  center.  Fig.  40. 
Specifications :  Hardened  engine  lathe  center,  Morse  taper 
No.  2.    Center  gage. 
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Machines  and  tools:  Cutter  grinding  machine,  universal 
chuck,  steady  rest,  grinding  wheel  (disk)  10"  X  i",  No.  60, 
Grade  K,  vitrified. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 

TVue  wheel. 

Set  swivel  table  at  30^,  mount  center  in  universal  chuck  and 
steady  rest,  as  shown,  and  use  automatic  or  hand  feed.  Test 
with  center  gage. 
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SECTION  9 

PLANING 

PUmen.    Cutting  Speeds  and  Feeds.    Cutting  Tools.    Horizontal, 

Vertical  and  Angular  Planing.    Measuring  Work.    Holding 

Work,  and  Problems  in  Planing.    Fixtures,  Vises 

and  Jigs*    Shapers. 

PLANERS 

1.  The  planer  bears  the  same  relation  to  plane  or  flat 
surfaces  that  the  lathe  does  to  cylindrical  surfaces.  —  The 
larger  part  of  planer  information  and  skill  consists  of  setting 
up  the  work.  The  tools  and  cutting  angles  are  similar  to 
those  of  lathe  tools. 

2.  The  three  general  methods  of  holding  work  are  the 
mechanical,  magnetic  and  physical. 

The  mechanical  method  is  holding  work  by  clamps  and  bolts, 
fixtures,  jigs  or  shoes,  vises  or  chucks,  and  applies  to  the  larger 
part  of  planer  work.    See  pp.  9ia-9l7,  921-933. 

The  magnetic  method  is  holding  work  by  magnetic  chucks. 
See  pp.  624-626. 

The  physical  method  is  holding  work  by  cementing  with 
cement,  shellac  or  resin.    See  p.  920. 

3.  Types  of  planers.  —  There  are  two  leading  designs  of 
planers,  which  are  distinguished  by  their  driving  mecha- 
nisms: The  spur-gear  type  and  the  spiral-gear  type.  The 
size  of  planers  is  designated  by  the  size  of  the  work  that  it 
will  plane. 

4.  The  spur-gear  type  planer  table  is  driven  by  a  spur 
gear  which  meshes  with  a  rack  on  bottom  of  table,  and  with 
a  pinion  on  the  driving  shaft  on  the  outer  end  of  which  are 
tight  and  loose  pulleys  driven  by  open  and  crossed  belts 
from  countershaft. 

901 
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6.  The  spiral-gear  type  planer  table  is  driven  by  a 
spiral  gear  which  meshes  with  a  rack  on  bottom  of  table. 
The  spiral-gear  shaft  is  connected  to  driving  shaft  by  bevel 
gears.  The  rest  of  the  mechanism  is  similar  to  the  spur-gear 
planer. 

6.  Planer,  spur-gear  drive,  described,  Fig.  1. 


Fig.  1.  —  Planer,  Spur-Gear  Mechanism. 
SCHEDULE  OF  PARTS 


i4— Bed. 

E  —  Saddle  moved  along  cross 

B  —  Table  operated  by  rack, 

rail  by  hand  or  power. 

gears,  belts,  slides  in  scraped  V 

F  —  Planer  head. 

ways  of  bed,  holds  work  and  per- 

G —  Handle  to   operate  hori- 

forms cutting  movement. 

zontal  feed  screw,  ^ves  hand,  hor- 

CC —  Housings  or  posts. 

izontal  or  cross  feed. 

D  —  Cross  rail  may  be  raised 

HW  —  Power-feed  mechanism. 

or  lowered  and  clamped  to  hous- 

Friction   feed    disk,    pawl    and 

ings. 

ratchet. 

Digitized  by  VjOOQ IC 


PLANER 


903 


/  —  Driving  belt  (one  speed), 
tight  and  loose  pulley  eounter- 
shaft. 

/  —  Quick  retiun  belt  (retiu-n 
speed  3  to  1). 

KK' — Table  dogs,  reverse  mo- 
tion of  table  and  are  located  to 
give  desired  length  of  stroke. 

Lilf  — Belt  shifters. 

N  —  Reversing  lever  to  reverse 
motion  of  table;  operated  by 
hand  or  dogs  KK'. 

P  —  Vertical  and  angular  feed 
shaft  tiurned  with  handle  G, 
placed  on  end. 

Q  —  Feed  rod  pin. 

R  —  Feed  adjusting  handle. 
To  obtain  power  horizontal  feed, 


move  pin  Q  off  center  to  right  or 
left,  depending  on  whether  cut  is 
right  or  left,  and  drop  pawl  H 
in  ratchet.  The  amount  of  cut 
depends  on  distance  Q  is  removed 
off  center. 

S  —  Hand  vertical  feed.  Some 
provided  with  dial  to  read  to 
thousandths. 

T  — Feed  gear.  To  obtain 
power  vertical  and  angular  feed 
place  gear  T  on  shaft  P,  adjust 
pin  Q  for  desired  number  of  teeth 
fed  and  drop  in  pawl  H.  May 
feed  tool  downward  or  upward. 

U  —  Handle  for  raising  and 
lowering  cross  rail. 

TF  — Shipper. 


7.  Planer  head  and  mechanism  for  cutting  tool,  Fig.  2. 


SCHEDULE  OF  PARTS 

A  —  Cross  rail. 

B  — Saddle. 

C  —  Swivel  plate. 

D  —  Vertical  feed  slide. 

E  —  Apron  swivel  or  clapper 
box. 

F  —  Apron  or  tool  block,  hinged 
to  relieve  tool  on  return  stroke. 

GG'  — Tool  clamps.  (Used  on 
large  planers.  Tool  post  used  on 
small  planers.) 

H  — Tool. 


FiQ.  2.  —  Planxb  Hbad. 
See  Inspection  of  a  Planer,  p.  14l6. 
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8.  Large  planers  are  often  equipped  with  two  heads  mounted 
upon  the  cross  rail.  Two  other  heads  are  mounted  upon  the 
housings  so  that  work  may  be  planed  upon  the  top  and  both 
sides  at  the  same  time.  Special  designs  are  made  for  wide  and 
extra-heavy  work.  Open  side  planers  are  obtainable  for  planing 
the  ends  of  beams,  frames  and  edges  of  steel  or  iron  plates,  and 
for  other  work  that  will  not  pass  between  the  double  housings 
or  posts  of  an  ordinary  planer.  The  outer  end  may  be  sup- 
ported upon  an  eye-beam  which  is  mounted  upon  rollers  running 
upon  an  improvised  track. 

CUTTING  SPEEDS  AND  FEEDS 

9.  Cutting  speed  (F.P.M.).  —  Ordinary  planers  are  belted 
to  give  one  cutting  speed  only.  Cast  iron  may  be  planed 
with  carbon-steel  tools  at  about  25  feet  per  minute,  steel, 
wrought  iron  and  bronze,  at  17  feet  per  minute.  When 
both  iron  and  steel  have  to  be  planed  on  the  same  planer, 
as  is  usually  the  case,  a  cutting  speed  of  about  20  feet  is 
used.  With  high-speed  tools,  these  speeds  may  be  increased 
from  50  per  cent  to  100  per  cent.  For  brass,  composition 
and  softer  metals  it  is  customary  to  use  a  planer  speeded  for 
cast  iron.  Variable-speed  planers  are  obtainable  which  give 
changes  of  speed  from  15  feet  to  70  feet  per  minute.  Variable- 
speed  countershafts  for  a  single-speed  planer  are  obtainable. 

10.  Feed  is  obtained  by  a  feed  ratchet  and  pawl.  The 
amount  of  feed  1  tooth  on  ratchet  gives  varies  with  the 
planer. 

Cast  iron  may  be  rough  planed  with  as  deep  a  cut  as  the 
machine  will  carry.  The  finishing  cut  with  a  broad-nose 
tool  should  be  light,  from  .005"  to  .010"  in  depth,  with  a  feed 
nearly  equal  to  the  width  of  tool.  Steel,  wrought  iron  and 
aluminum  are  rough  planed  with  a  diamond-point  or  roughing 
tool  in  about  the  same  manner  as  cast  iron  except  that  a  little 
less  depth  of  cut  and  a  finer  feed  are  used.  For  finish  plan- 
ing, use  tools  with  narrow  cutting  edges,  fine  feed,  1  or  2 
teeth,  cut  .005"  to  .010"  in  depth,  with  or  without  lubricant. 
See  Table  of  Lubricants,  p.  l49. 
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CHART  OF  FORQED  PLANER  TOOLS 
HIGH  SPEED  OR  CARBON  STEEL 


IQQHT 
If 

I 


DUMONOMNNT  DIAMONO 


y 


ROUOHINQ 

tPROMM 

5 


VJ 


ROUOHINQ 
FOR  CAST  mON 

6 


\J 


LARGE 
ROUND  N08C 


FINISHINO 

9 


SHEAR 


LEFT 
CUTTINSOOWN 


OUTTINQOOWM 


BKVU.  ROUOHINO 

LEFT  BENT 


MVtL  PIMItHINa 

LEFT  BENT 
17 


N^ 


RIQHTSIDfi 
BENT  INWARD 

19 


SHAFT 
KEY  WAY 

21 


HUB 
KEY  WAY 


V 


TEE  SLOTTING 
LEFT  BENT 

23 


P 


FORMING 
FOR  CONVEX 


lr\l 


OUTSIDE  V  WAY 


ADJUSTABLE 
GROOVE 
29 


lAl 


B 


TOOL  HOLDERS 
FOR  VARIOUS  FORMS  OF  HIGH  SPEED  STEEL  PUTTERS 


DUMOND  POINT 
OR  ROUND  NOSE 


ROUGHING 

4 


^ 


C0MB.HOLOElt 
LEFT  SIDE 

5 


^ 


SPRING 

IRM 

6 


FiQ.  3. 
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11.  Planer  cutting  tools.  —  Chart  of  planer  tools  (forged,  and 

tool  holders  and 
cutters)  is  shown 
in  Pig.  3.  They 
have  the  same 
rake  for  cutting 
different  metals 
as  lathe  tools  but 
less  clearance 
(3°  to  5^),  Fig. 
4,  and  are  made 
heavier  and 
stiffer. 


Fig.   4.  —  Left   Diamond-Point   Planeb   Tool. 


Fig.  6.  —  Rough  Planing  Cast  Ibon  with  Left 
Diamond-Point  Tool. 


FiQ.  6. — Finishing  Steel  oe  Wrought  Ibon  with 
Left  Diamond-Point  Tool. 


HORIZONTAL, 
VERTICAL  AND 
ANGULAR 
PLANING 

12.  Left  dia- 
mond-point tool 
set  to  rough 
plane  a  horizon- 
tal surface  on 
cast  iron,  Fig.  5. 
—  Set  tool  per- 
pendicular to 
table.  Feed 
from  2  to  4  teeth. 

13.  Diamond- 
point  tool  to  fin- 
ish plane  steel 
or  wrought  iron. 
Fig.  6.  — Feed  1 
or  2  teeth.  Cut 
.005"  to  .015"  in 
depth.  With  or 
without  lubri- 
cant 
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FlQ. 


7.  —  Rough  Planing  Cast  Ibon  with 
RouND-NosB  Tool. 


14«  Round-nose  tool  set  to  rough  plane  a  horizontal  sur- 
face on  cast  iron  or 
brass,  Fig.  7.— Set 
tool  perpendicular 
to  table.  Feedfrom 
2  to  4  teeth. 

16.  Small  square- 
nose  tool  to  finish 
plane  cast  iron  or 
brass,  Fig.  8. — 
Feed  from  4  to  8 
teeth.  Cut  .005'' 
to  .015"  m  depth. 

For  a  coarse  feed^ 
set  cutting  edge 
parallel  to  table,  or 
line  of  feed. 

For  a  fine  feed, 
round  bottom  face 
sUghtly  by  grinding 
and  oilstoning,  and 
set  comer  A  sU^tly 
lower  than  comer  B 
to  drag  and  give 
smoother  cut.  The 
feed  must  be  less 
than  the  width  of 
the  tool. 

16.  Spring  tool 
to  finish  plane  cast 
iron.  Fig.  9.  —  Set 
tool  the  same  as  in 
Fig.  8.  Feed  from 
8  to  12  teeth  (I"  to 
i"  wide).  Cut 
about  .003"  in  ^q^  9.  —  Finishing  Cast  Ibon  with  Spbino 
depth.  Tool. 


Fig.  8.  - 


-Finishing  Cast  Iron  with  Squabb- 
NosB  Tool. 
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17.  Fine  versus  coarse  feed  for  finishing  cut  - 

face  is  to 


Fig.    10.  —  Rough    Planing    Steel    ob 
Wbought  Ibon  with  Roughinq  Tool. 


Fig. 


11.  —  Shbab  Tool  Finishing 
OB  Wbought  Ibon. 


Stbbl 


Fig. 


12.  —  Finishing  Vebtical  Subface 
with  Side  Tool. 


If  a  sur- 
be  filed, 
scraped  or  fitted,  fin- 
ish nearly  to  size  with 
a  li^t  cut  and  fine 
feed.  When  true  sur- 
faces only  are  re- 
quiredy  use  light  cut 
and  coarse  feed. 

18.  Roughing  tool 
to  Touf^  plane  steel 
or  wrought  iron,  Fig. 
10.  —  Dry  or  with  oil. 
Feed  1  to  3  teeth. 

19.  Shear  tool  to 
finish  plane  steel  or 
wrought  iron,  Fig.  11. 
— It  is  forged  with  a 
twisted  blade.  The 
edge  is  ground  and 
oilstoned  to  an  arc  of 
a  3"  circle  with  clear- 
ance. Used  with  lard 
oil  or  soda  water. 
Feed  1  tooth.  Cut 
.003"  in  depth.  See 
Helical  Milling  Cut- 
ter, pp.  1047, 1048. 

20.  Side  tool  to  fin- 
ish plane  vertical  or 
angular  surfaces,  Fig. 
12.  —  Bevel  point  A 
to  produce  a  smooth 
surface.  Feed  down- 
ward by  power  or 
hand. 
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21.  Holders  and  cutters  (high-speed  steel),  Figs.  13,  14, 
15.  —  Used  for  horizontal,  vertical  and  angular  planing. 


FlQ.    13.  —  HOBIZOK-  „         - . 

TAL  Planing.    Tool  ^^'  ^^'  ""  Vertical     Fiq.  16.  —  Anqulab 
Holder  and  High-  Planxng.  Planing. 

Speed  Steel  Cxtttbb. 


Fig.  16.  —  Horizon- 
talPlaning.  Special 
Tool  Holder. 


17.  —  Vertical 
Planing. 


y    \  I  WORK 


Fig.  18. — Undeb^Cut 
Planing. 


22.  Special  holder  and  cutter 
(highHSpeed  steel).  Figs.  16,  17, 
18.  —  Used  for  horizontal,  vertical, 
angular  and  undercut  planing. 

23.  To  set  planer  in  alinement.  — 
Approximate  method.     Unclamp 

bolts  back  of  rail.  Lower  rail  nearly 
to  work,  then  raise  it  about  1"  above 
work  to  take  out  back  lash,  leave 
handle  up,  and  clamp. 

Accurate  method.  Test  table  at  both 
sides  with  micrometer,  as  in  Fig.  19. 
If  the  two  readings  show  a  differ- 
ence, loosen  bolts  at  back  of  rail, 
adjust  one  of  the  bevel  gears  on 
horizontal  shaft  at  top  of  posts  and  repeat  the  whole  operation. 


Fig.  19. — Setting  Planer 
Cross  Rail  in  Aunbmeni^ 
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Other  methods  of  testing  are:  To  lower  cross  rail  on  parallel, 
or  test  with  surface  gage  and  paper,  or  test  with  tool  held 
in  tool  post  and  paper. 


PLANER  TABLE 

Fig.  20.  —  Redhessing  Planeb  Table  with  Spring  Finishinq  Tool. 

24.  Redress  planer  or  shaper  table  with  a  spring  tool, 

Fig.  20,  with  a  light  cut,  .003"  to  .005"  in  depth,  and  a  very 
coarse  feed,  when  it  has  become  bruised  and  uneven  from  care- 
less handling  of  work,  fixtures,  hammering  or  wear. 


90«  I  SETTWO  OF  HgAO'O' 

'SI 
Fig.  21.  —  Head  and  Apron  Swivel  Set  for  Vertical  Planing. 

26.  To  set  planer  head  and  apron  swivel  to  plane  vertical 
surface,  Fig.  21.  —  Release  bolts  A,  A'  and  adjust  head  until 
zero  lines  coincide,  as  at  B,  then  clamp.  Release  bolts  C,  C 
and  swing  apron  swivel  away  from  surface  to  be  planed  in 
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til 


order  that  tool,  as  it  lifts  on  the  badnrard  stroke,  will  move 
away  from  the  vertical  face  of  work.  Work  should  never  be 
planed  vertically  if  it  can  be  hdd  and  planed  horizontally. 

26.  To  set  planer  head  and  apron  swivd  for  »tifrn\f^^ 
planingi  Figs.  22,  23.  —  Bdeaae  bolts  and  swing  head  to 


'  0  DRAWINO  RCAOe  «* 

mOMNOmZONTAL 

teTTINQOFKEAO  M^ 

Fig.  22. — Hbad  and  Apbon 
Swivel  8bt  vor  Anoitlab 
Planing. 


^11 


A^ftOH  swrvti 

OUAWrNa  READS  30^ 

f«OM  VERTICAL 
SETTtNO  OF  HEAD  Vf 


Fig.  23. — Hbad  and  Apbon  Swivel 
Set  yoB  Inside  Bevel  Planing. 


required  angle  and  clamp;    then  swing  apron  swivel  away 
from  surface  to  be  planed  and  clamp. 

27.  Planer  head  graduated  to  read  from  vertical.  —  On 
most  American  planers  and  shapers  if  drawing  reads  an  angle 
of  60**  from  horizontal,  the  head  is  set  to  read  30°,  as  in  Fig. 
22.  If  drawing  reads  30*^  from  vertical,  the  head  is  set  to 
read  30°,  as  m  Fig.  23. 

28.  Planer  head  graduated  to  read  from  horizontal. — 
On  planers  and  shapers  where  the  zero  line  and  90°  graduation 
coincide,  when  the  slide  is  vertical,  reverse  above  rule. 


Digitized  by  VjOOQ IC 


912 


ADVANCED  MACHINE  WORK 
MEASURING  WORK 


Fig.  24.  -^  Steel  Rule  to  Set  Planbb  Tool. 

29.  Use  steel  rule  to  set  planer  tool,  Fig.  24,  to  give 
results  that  will  compare  with  those  obtained  with  spring 
calipers  in  lathe  work. 


CAGE  ffLOCK  TJ^I 


Fig.  25.  —  Gage  Block  to  Set  Planbb  Tool. 

30.  Use  gage  block  to  set  planer  tool.  Fig.  25,  to  give 
results  that  will  compare  with  those  obtained  with  microm- 
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eter  in  lathe  work.  To  set  tool,  feed  it  down  until  the  block 
will  slide  between  the  table  and  tool 
point,  touching  tool  Ughtly.  To 
plane  a  piece  .001"  thicker  than  the 
gage,  .001"  tissue  paper  is  placed  be- 
tween gage  and  tool.  Tissue  paper  of 
suitable  thickness  is  often  used  with 
gage  when  there  is  danger  of  tool 
puUing  into  the  work  by  springing  or 
by  looseness  in  head.  See  pp.  928, 929. 
Set  of  gage  blocks  for  use  on  planer 
work  is  shown  in  Fig.  26.  ^  pio.  26.  —  Gagm  Blocks. 


HOLDING  WORK,  AND  PROBLEMS  IN  PLANING 

31.  Planer  parallels  are  often  necessary  to  level  work. 
They  are  made  of  cast  iron  in 
pairs  of  equal  width,   thickness 
and  length,  Fig.  27. 

32.  Iron  clamps  for  planers  and 
shapers  are  used  in  a  great  variety 
of  shapes  also  with  bolts,  blocking 
and  leveling  jacks  for  clamping 
work  to  fixture  or  to  table.  See 
Figs.  28,  33. 

33.  Step  blocking  and  leveling 
jacks  are  convenient  for  blocking  up  the  end  of  a  clamp  or  to 
level  work.    See  Fig.  28,  also  Figs.  39,  41. 


Fig.  27.  —  Planbb  Parallels. 


Fig.  28.  —  Leveling  Work  with  Planer  Jacks. 
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84.  Planer  bolts  of  different  lengths  with  square  and  Tee 
shaped  heads,  long*  threads  and  a  variety  of  washers,  are 
necessary.  Studs  and  Tee  nuts  are  a  good  substitute  for 
bolts. 

36.  Screw  pins  and  screw  hunters.  Fig.  29,  are  used  in 
various  ways  to  fasten  planer  work  to  table.  The  circular 
portion  of  the  screw  pin  fits  the  hole  in  the  table  and  the 


SCREW  BUNTER 


Clio 


FiQ.  29.  —  ScBBW  Pin  and  Scbbw     Fig.  30.  — Fingebs  ob  Toe  Dogb. 

BUNTBR. 

squared  portion  is  drilled  and  tapped,  preferably  at  an  angle 
of  from  5**  to  10^  to  receive  a  set  screw.  The  screw  bunter 
fits  the  Tee  slot. 

36.  Fingers  or  toe  dogs,  Fig.  30,  are  used  with  screw  pins 
or  hunters  to  fasten  thin  work  to  planer  table. 


oooojaj 


JQL 


is^Ji  'sr-yjh 


Fig.  31.  —  Methods  of  Clamping  Work.    Good  and  Bad. 
Different  Kinds  of  Planer  Bolts. 

37.  Good  and  bad  methods  of  clamping  or  strapping  work 
to  table.  Fig.  31.  —  Always  place  blocking  A  farther  away 
from  bolt  B  than  work  C,  so  that  the  most  pressure  will 
come  on  work. 

38.  Holding  rectangular  or  oblong  work  by  bedding  on 
table  with  a  tongue  or  rib  fixture.  A,  hunters  B,  fingers  C  and 
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thrust  pin  Z>,  Fig.  32.  —  The  tongue  fixture  is  clamped  in  the 
long  Tee  slot  in  table.    To  be  sure  that  work  is  properly 


^*«*'-^  THRUST  «N 

FiQ,  32. — Plaotnq  Wobk  Bed- 
ded TO  Table. 


Fig.  33. — Planing  Work  CLAiiPKD 
TO  Angle  Plate. 


bedded  to  table  gently  pound  it  to  seat  with  lead  hammer 
during  and  after  tightening  screws.  Tightening  screws  too 
hard  will  lift  the  work.    When  taking  heavy  roughing  cuts. 


Fig.  34.  —  Screw  Pin  por  Clamping  Work  Against  Angle  Plate. 

apron  swivel  should  be  swung  a  little  away  from  the  direction 
of  feed  so  that  tool  will  not  bear  excessively  on  return  stroke. 

89.  Angle  plate  (angle  iron)|  A,  Fig.  33,  has  planed  sur- 
faces at  right  angles  (90'').  To  plane  edges,  hold  work  B  by 
clamps  C,  C,  or  by  block  and  screw  pins,  Fig.  34. 

40.  Tee  fixttire  for  holding  work  at  right  anglei  A,  Fig. 
35,  clamped  to  table  by  bolts  B,  B\    Its  front  face  is  at  right 
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angle  to  edge  of  table.  The  work  C  is  held  by  clamps  D 
and  E.  The  vertical  face  F  is  planed  with  cutting-down  tool 
0.    Use  fine  feed. 


FiQ.  36. — Planing  Work  at  a  Right  Angle  ^  Held  bt  Tee  Fixturb. 

41.  Adjustable  tongue  fixttire.  —  In  Fig.  36  is  a  tongue 
fixture  in  two  parts,  A  and  A',  for  holding  thin  work  of  any 
length.  Work  is  held  against  stop  B  and  fastened  by  screw 
stops  C,  C  and  wedges  D,  D\ 


Fig.  36.  —  To  Hold  Thin  Work  op  Any  Length. 

42.    Beveling  thin  work.  —  Any  thin  work,  as  gib  il,  may 
be  beveled  with  a  bent  side  tool  5,  as  in  Fig.  37. 
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Fig.  37.  —  Planinq  Bbvbl  with  Bbnt  Sidb  Tool. 

43.  To  plane  taper  parallels  or  wedges,  a  taper  shoe  is 
supplied  which  is  adjusted  to  give  any  desired  taper  in  inches 
per  foot. 

Feed  at  beginning  or  end  of  cut. — The  feed  movement  of 
the  tool  should  be  arranged  to  take  place  at  the  beginning  or 
at  the  end  of  the  cut,  but  not  during  the  cut.  For  general  work 
either  end  will  do.  For  accurately  finishing  broad  surfaces  it  is 
best  to  feed  just  before  beginning  the  cut  (although  the  cutting 
stroke  is  longer)  as  the  drag  of  the  tool  on  the  return  stroke 
wears  the  tool  less. 

Direction  of  feed  or  cut. — In  horizontal  planing  the  tool 
may  be  fed  either  away  from  the  operator  by  using  a  left  tool, 
or  toward  the  operator  by  using  a  right  tool.  The  general  prac- 
tice is  to  feed  away  from  the  operator,  as  in  Figs.  5,  6,  32,  33. 
In  vertical  and  angular  planing,  the  tool  is  fed  downward  as  in 
Pigs.  21,  22,  23. 

Beveling  end  of  castings. — At  end  of  cut  on  iron  castings, 
steel  castings  or  brittle  alloy  castings,  the  pressure  of  the  tool 
will  break  off  the  metal  deeper  than  the  planed  surface.  To 
avoid  this,  file  or  chip  a  bevel  to  depth  of  cut,  as  in  Figs.  32, 
33.  Small  work  may  be  held  and  beveled  at  the  vise,  and  large 
work,  after  it  is  clamped  to  the  planer. 
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44.    To  plane  rectangular  work  clamped  to  planer  tabley 
Fig.  38. 


®HS> 


Fig.  38.  —  Scheduus  Drawing. 


Specifications:  Material,  iron  casting  i"  large,  free  from' visible 
defects;  weight,  7  lbs.  14  oz.  Hardness,  23  to  35  (scleroscope). 
EQgh-fipeed  steel  cutting  tools.  Speed,  22  to  30  F.P.M. 
Time:  Study  drawing  and  schedule  in  advance,  10  min.  —  Oil 
planer,  8  min.  —  **  Set  up  "  tongue  and  angle  plate  fixtines,  12  min. 
—  Rough  plane  surfaces  (1),  (»),  (8),  (4),  30  min.  —  Finish  plane 
surfaces  (5),  (6),  (7),  (8),  22  min.  —  Set  Tee  fixture,  apron  swivel 
and  stroke  for  vertical  planing,  8  mm.  —  Rough  and  finish  plane  ends 
(•),  (10),  (U),  (12),  22  mm.  — Clean  planer,  8  min.  — Total,  2  h. 

SCHEDULE  OF  OPERATIONS,  MACHINES,  FIXTURES 
AND  TOOLS 


Opsbationb. 

Spbbm,  Fbbds. 

TOOLB. 

Snag  CAsting.     Clean  planer 
table.    Set  planer  in  aline- 
znent.    See  p.  909. 

OU  bearings.    See  p.  920. 

Horirontal  planing. 
To  table  and  flzture,  clamp 

work.    See  p.  9l4. 

Adjust  table  dogs  to  length  of 

Machinist's   viae. 
Planer.  16"  to  24" 
cutting  speed  25 
F.P.M.     With  a 
high-speed     planer 
this    may    be    in- 
creased from  25% 
to  100%. 

10"  or  12"   worn 
bastard  file. 
Brush,  waste. 

Machine  oil. 

Tongue  fixture,   hun- 
ters or  screw  pins, 
fingers. 

Lead     hammer, 
planer  wrenoh. 

stroke. 
Rough  plane  (Bevel  end.)    (1) , 
one  cut  1^'' deep.  Seep.9l7. 

Feed  3  teeth  or  A". 

10"  or  12"  bastard 
file.diamond-point 
tool,  or  holder  and 
cutter    16"    rake, 
rule. 
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Rough  plane  (Bevel  end.) 
(»).  one  cut.  Set  tool  1^" 
+  A"  from  table. 

To  angle  plate  and  table, 
damp  work«    See  p.  9l5. 

Rough  plane  (Bevel  end.) 
(S),  with  (1)  against  angle 
plate,  one  cut  3^"  deep. 

Rough  plane  (Bevel  end.) 
(i),  with  (1)  against  angle 
plate,  one  cut.  Set  tool 
li"  +  A"  from  table. 

To  table  and  flzture,  damp 
work. 

Finieh  plane  (File  burr  off 
edges.)  (*),  one  cut  xJy" 
deep,  estimated. 

Finiih   plane    (6),    one    cut. 

Set  tool  lA"  from  table. 
To  angle  plate  and  table,  damp 

work. 

Finish   plane    (7),   with    (S) 

against  angle  plate,  one  cut 

xIy"  deep,  estimated. 
Finish  plane    (8).    with    (g) 

against  angle  plate,  one  out. 

Set  tool  1  j''  from  table. 

(File  burr  off  edges.) 

Vertical  planing. 
To  Tee  fixture  and  table,  damp 

work. 
Adjust  table  dogs  to  length  of 

stroke. 
Rough    plane    (Bevel    end.) 

(•),  with   (S)   against  Tee 

fixture,  one  cut  A"  de«P' 
Finish   plane    (If),   one   cut 

xlj"  deep.    Reverse  work. 
Rouc^   plane     (Bevel    end.) 

(11),  with  (S)  against  Tee 

fixture,  one  cut.    Set  tool 

12i"  +  iW  from  (If). 
Finish  plane    (12),  one  cut. 

Set  tool    12i"   from    (If). 

(File  burr  off  edges.) 


Angle    plate, 
pins  and  blocking 
or  damps. 


Tongue  fixture,  hun- 
ters or  screw  pins, 
lingers. 

Feed  6  teeth  or  A"* 


Angle  plate,  screw 
pins  and  blocking  or 
clamps. 

Feed  6  teeth  or  A"* 


Tee  fixture,  damps, 
bolts,  blocks,  swing 
apron  swivd.  See 
Fig.  35. 

Feed  2  teeth,  or  A"- 


Feed  1  tooth  or  A"- 


8''  or  10"  hand- 
smooth  file, 
square-nose  finish- 
ing tool,  oil-stone. 

Rule  or  gage  block. 


Rule  or 


Uook. 


Holder  and  cutter 
16^  rake,  or  cut- 
ting down  tool. 

Side  tool  with  point 
bevded. 

Long  rule. 


Attention.  —  It  is  good  practice  to  file  the  burr  off  the  edges  slightly 
with  a  hand-smooth  file  after  planing  each  surface. 
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46.  Oiling.  —  Oil  every  bearing  of  a  planer  once  a  day, 
and  the  V  ways,  loose  pulleys,  friction  disk  and  sliding  parts 
more  often.  The  V  ways  are  the  most  important  and  must  be 
kept  clean  and  well  oiled. 

46.  Cleaning.  —  The  chips  should  always  be  brushed 
toward  side  of  table  to  avoid  brushing  them  into  the  V  wa3rs 
which  would  be  disastrous. 

Warning.  —  Before  starting  a  planer,  see  that  the  table  dogs 
are  fastened  firmly  and  nothing  is  clamped  to  the  table  that  will 
strike  the  housings  or  cross  rail.  Also  that  all  Trrenches,  bolts, 
clamps  and  other  pieces  that  are  not  fastened  to  the  table  are 
removed. 

47.  Holding  very  thin  work  by  gluing  or  cementing.  — 
Work  too  thin  to  be  held  by  any  mechanical  means  may  be 
secured  to  resist  the  pressure  of  a  light  cut  by  gluing  or  ce- 
menting it  to  the  planer  table.  Clean  edges  of  work  and 
table  around  work  with  gasoline  or  benzine  and  emery  cloth. 
Apply  melted  shellac  or  rosin  around  the  edges. 

48.  Spring  of  planer  work  is  caused  by  severe  and  uneven 
clamping,  also  poor  or  unsuitable  fixtures,  bad  blocking  and 
shimming  or  wedging. 

Another  cause  of  springing  is  the  removal  of  the  outer  sur- 
face of  castings  and  forgings  which  relieves  the  internal 
strains.  This  is  largely  overcome  by  rough  planing  all  sur- 
faces to  be  finished  before  finishing  any  surface,  then  slightly 
relieving  the  pressure  of  the  clamps  and  other  holding  devices 
for  the  finishing  cuts. 

Cold-rolled  stock  is  liable  to  spring  badly  unless  an  equal 
amount  of  stock  is  planed  off  each  surface.  A  casting  or  a 
piece  that  has  been  rough  planed  may  be  nominally  flat,  but 
to  obtain  very  accurate  results,  select  the  straightest  side. 
Rest  this  side  on  the  table  and,  if  necessary,  place  under  comers 
or  middle,  strips  of  tissue  paper  to  compensate  for  spring  or 
distortion.  Finish  surface,  then  turn  work  over  and  finish  side 
first  selected.  The  edges  of  the  work  should  be  finished  in 
same  order.    Take  a  light  finishing  cut  about  .003''. 
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49.  To  aline  work  on  table  with  surface  gage,  use  pieces 
of  tin,  brass  or  paper  as  shims  and  place  under  work  directly 
under  clamps.  A  triangular  casting  should  have  at  least 
three  bearing  points  and  an  oblong  or  square  casting,  four. 

At  Af  Fig.  39;  surface  gage  B  is  used  to  test  the  work  as 
at  Cf  D,  E  and  F.    Pinch  bar  0  is  used  to  lift  casting  to  in- 


FiQ.  39.  —  Leveling  and  Alinino  Work  with  Surface  Gage. 


sert  shims.  To  aline  the  work  with  the  edges  of  the  table, 
move  guide  H  along  edge  and  use  straight  point  of  scriber  to 
test  work.  Screw  pins  and  blocks  clamp  casting,  and  assist 
in  alining. 

60.  To  aline  work  in  absence  of  surface  gage,  feed  tool 
down  at  one  end,  insert  paper  between  tool  and  work  and 
adjust  until  tool  pinches  paper.  Repeat  on  opposite  end  of 
work  and  at  various  points  on  top  and  sides. 

FIXTURES,  VISES  AND  JIGS 

61.  Planer  jacks  for  leveling  work  are  used  to  hold  work 
that  has  ribs  on  its  lower  side,  as  casting  A,  Fig.  28. 

62.  To  set  tools  for  duplicate  work  with  special  gage  or 
pattern.  Fig.  40.  —  Bed  work  A  to  table  and  clamp  to  angle 
plate  B  by  clamps  C  and  D.  To  plane  wide  groove  E  accur- 
ately, use  special  gage  F  bolted  to  table  and  angle  plate. 
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The  top  of  gage  is  exact  pattern  of  work,  minus  .001".  For 
roughing,  set  tool  0  to  cut  .005"  large  by  a  thickness  gage;  and 
for  finishing,  to  cut  .001"  large  by  tissue  paper.  See  pp.  9l2, 
913. 


Fig.  40.  —  Special  Gagb  or  Pattern  for  Settenq  Planer  Tool 
TO  Duplicate  Work. 


Fig.  41.  —  Holding  Work  with  Finger  Clamps. 


63.  To  hold  work  with  finger  clampSy  Fig.  41,  drill  holes  in 
ends  of  work  A  to  receive  finger  ends  of  clamps  B,  B\  To 
finish  work,  which  is  cast  iron,  use  finishing  tool  C  ynth.  a 
coarse  feed. 
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64.  Special  planer  clamps  A,A\  Fig.  42,  are  used  for 
clamping  work  B  to  table. 


Fig.  42.  —  Planer  Clamps  for  Holdinq  Work.    Special. 

66.  Planer  jig  or  shoe  to  hold  a  number  of  pieces  to  be 
planed  at  oncOi  A^  Fig.  43. — The  work  consists  of  6  castings, 
SB,  etc.,  held  with  pinch  pieces  C  and  D  and  packing  block  E, 
adjusted  by  screws  f  F,  etc. 


Fig.  43.  —  Planer  Jiq  or  Shoe  for  Holdinq  Work. 

66.  To  plane  Tee  slot.  Fig.  44.  —  First  plane  slot  A,  then 
bottom  portion  B,  C  with  bent  tools,  one  to  a  right  angle, 
and  other  to  a  left.  Any  tool  taking  an  under  cut  cannot  be 
allowed  to  remain  in  slot  during  backward  stroke. 

67.  Tool  lifter  Z>,  Fig.  44,  consists  of  metal  plate  with 
two  lugs  that  receive  pointed  screws  which  engage  large  center 
punch  marks  or  countersinks  in  the  tool.  During  the  cutting 
stroke,  the  lifter  will  drag,  as  at  J?,  and  lift  on  return,  as  at  E'. 
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Some  use  a  piece  of  leather  in  place  of  the  tool  lifter,  to  fasten 
apron  so  it  cannot  swing  by  wedge  or  brace  between  tool 
and  apron  swivel;  and  to  lift  tool  by  hand  at  end  of  each  cut. 


Fig.  44.  —  Teb  Slot  Planing. 

Special  planer  tools  and  side  heads  for  undercutting  are 
obtainable. 

68.  To  plane  keyway  in  shaft  A^  Fig.  45,  drill  hole  B  in 
which  to  terminate  cut  as  the  tool  must  pass  out  of  cut  each 


SHAFT 

KEYWAY 

TOOL 


Fig,  45.  —  Planing  Kbtwat  in  Shaft. 

time.    Set  tool  central  with  square  and  rule.    Use  fine  hand 
feed  and  oil. 

The  depth  of  keyway  is  measured  at  side. 
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69.  To  clamp  shaft  to  cut  keyway  its  whole  length,  hold 
as  in  Fig.  46.  A  special  planer  tool  bolder  fitted  with  a  key- 
way  cutter  is  used  as  a  spring  tool. 


Fig.  46.  —  Holding  Long  Shaft  to  Planb  Kbtwat  Wholb 
Length. 

60.  To  plane  keyway  in  hub.  —  Use  a  tool  holder  and  cut- 
ter  or  forged  tool.  Keyways  may  be  cut  by  keyseating  ma- 
chine or  by  hand  with  chisel  and  file.  See  Motor-Driven  Key- 
seater,  p.  936. 


AtMUSTAeUE 

TO»<0UE 
TOOL 

Fed  by  hand 


Fig.  47.  —  String  Fixtures  for  Holding  Vise  Babe  Plates. 

61.  String  fixttires  to  hold  several  pieces  A,  A,  etc.,  Fig.  47, 
to  be  planed  at  oncOi  are  economical  and  mechanical.  Fixture 
B  is  clamped  to  table  by  screws.  Work  is  clamped  by  rails 
C  and  D  and  screw  pins  E  and  F. 
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Planer  vises    (chucks)  are   obtainable    with   circular 

graduated  bases  or  with 
square  bases,  as  Vise,  Rg. 
48,  and  fastened  to  table  by- 
clamps.  The  sliding  jaw  is 
moved  against  work  and 
nuts  il,  i4',  tightened,  then 
is  forced  hard  against  work 
by  screws  B,  B,  B  in  block  C 
which  is  kept  from  slipping 
Fig.  48.  —  Planer  Vise  poe  Holding  ^y  ^^hrust  strip  D.     Finally, 

pound  work  to  its  seat  and 
tighten  nuts  A^  A'.    See  Milling  Machine  Vises,  pp.  lOl  1-1016. 
63.  To  plane  kejrway  in  flange,  Fig.  49.  —  See  Keyseater 
and  Slotter,  pp.  936,  937,  and  Broaching  Keyways,  pp.  643-648. 


HUt 

c 


Fig.  49.  —  Planing  Keywat  in  Flange. 

Specifications:  Material,  cast-iron  flange,  turned,  polished  and 
drilled.     Flange  has  \"  hole.     Plane  keyway  i"  wide,  ^"  deep. 

Machine  and  tools:  Planer  vise,  hub  keyway  tool  holder  and  }" 
cutter,  rule,  planer  parallel.     Plane  dry. 

Time :  Study  drawing  and  schedule  in  advance,  3  min.  —  Oil  planer, 
5  min.  —  "  Set  up  "  machine,  4  min.  —  Cut  keyway,  8  min.  —  Clean 
machine,  2  min, — Total,  22  mm. 
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SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


L  Clean  planer  and  vise  and 
oil  bearings. 

XL  Set  vise.  Fasten  planer 
vise  to  table  with  jaws  at  right 
angle  to  line  of  travel  and  fixed 
jaw  in  front,  as  in  Fig  49. 

nL  Clamp  work.  Clamp  flange 
A  lightly  in  center  of  vise  as 
shown,  with  parallel  underneath. 
Adjust  flange  until  two  holes  are 
approximately  parallel  to  fixed 
jaw  by  measurement,  then  clamp 
firmly  with  vise  screws. 

IV.  Adjust  cross  raiL  Raise  or 
lower  cross  rail  until  work  will  pass 
under. 

V.  Set  tooL  Fasten  hub  key- 
way  tool  holder  B  in  tool  post  so 
that  tool  post  will  not  strike  flange, 
and  with  face  of  cutter  parallel  to 
table  or  vise. 


VI.  Adjust  length  of  stroke. 
Move  saddle  on  cross  rail  to  one 
side  of  flange,  and  adjust  table 
dogs  for  length  of  stroke.  Set 
feed  rod  clamp  at  dead  center. 

VEL  Set  cutter  to  plane  key- 
way  centraL  Move  saddle  back 
and  set  cutter  central  by  placing  a 
block  against  the  side  of  hub  and 
measuring  to  side  of  cutter  with 
rule.  Adjust  until  measurement 
is  the  same  on  both  sides  from 
block  to  cutter. 

Vm.  Plane  keyway.  Pull  belt 
by  hand  to  see  if  adjustments  are 
right.  Start  machine,  feed  cutter 
down  by  fine  hand  vertical  feed 
(.003"  to  .004"  cuts)  unta  key- 
way  D  is  /y"  deep,  measuring 
at  side  of  keyway. 


64.  To  plane  taper  keyway  in  hub,  Fig.  50.  —  Use  taper 
parallels  and  clamp  gear  to  these  parallels. 


Fig.  50.  —  Planing  Taper  Keyway  in  Hub  op  Gbab. 

66.  To  plane  lathe  bed.  —  To  obtain  the  most  accurate 
results  from  large  castings,  the  parts  to  be  finished  by  plan- 
ing should  be  rough  planed  and  laid  aside  for  a  number  of 
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weeks  to  season  to  relieve  internal  strains.  (Lathe  beds  are 
sometimes  roughed  out  by  gang  mills,  then  finished  by  plan- 
ing.) First  finish  bottom  of  the  lathe  bed  A,  then  clamp, 
as  in  Fig.  51,  and  plane  the  top  and  V  ways.  Use  templets 
of  sheet  steel,  B  and  C,  and  test  the  inner  and  outer  V's,  as 
follows: 

Plane  one  face  on  the  same  side  of  both  inner  V's  to  temp- 
let B.    Tissue  paper  should  be  inserted  between  templet  and 


Fio.  61.  —  Planing  Lathe  Bed, 

face  of  V  at  top  and  bottom  to  test  the  angle,  so  that  angle 
of  head  may  be  corrected,  if  need  be.  Then  plane  second 
faces  of  the  inner  V*s  and  test  with  the  same  templet.  When 
finished  both  V's  are  tested  with  templet  C 

Plane  oflF  apex  of  each  V  i".  The  same  method  and  type 
of  templets  are  used  for  the  outer  Vs.  For  the  final  test, 
use  gage  D.  A  tool  setting  gage,  E,  may  be  used  to  set  tooL 
For  each  of  the  finishing  cuts,  the  tool  is  adjusted  until  it 
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pinches  a  piece  of  paper  placed  between  the  gage  and  tool, 
as  at  E\  The  paper  should  be  of  sufficient  thickness  to  allow 
for  scraping  an'd  fitting.  The  horizontal  parts  and  edges  of 
the  bed  may  also  be  planed  to  gage.  See  Scraping,  Principles 
of  Machine  Work. 

66.  To  plane  head  and  footstock  of  lafhe  (two  methods). 
Fig.  52.  —  For  large  lathes,  the  V  grooves  are  planed  and 
fitted  to  the  V  ways  on  the  bed  before  the  holes  in  headstock 
and  footstock  are  bored.  The  headstock  and  footstock  are 
then  clamped  to  bed  and  bored  with  a  special  boring  bar. 
For  small  lathes,  use  the  reverse  method.  First  bore  holes 
in  headstock  A  and  footstock  B  and  fit  boxes  in  headstock. 
Next  mount  on  a  double  arbor  or  mandrel  C  to  hold  them  in 
alinement,  clamp  in  three  accurately  V-grooved  blocks  D,  Z>,  D, 
which  fit  Tee  slot  and  are  bolted  to  table.  Use  braces  E  to 
steady  the  whole. 


Fig.  52.  —  Planing  Lathb  Hbad  and  Footstock. 

To  finish,  clamp  both  lightly  to  avoid  springing.  First 
cut  groove  to  the  desired  depth  with  a  cutting-off  tool  in  the 
center  of  each  V  groove,  then  plane  the  faces  in  the  same  order 
as  the  V's  on  the  lathe  bed,  and  test  with  the  internal  templets 
or  gages. 
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SHAPERS 

67.  Shapers  are  particularly  suitable  for  short  work  that 
can  be  held  in  a  vise.  The  size  is  designated  by  size  of  work 
it  will  plane.    A  14"  shaper  will  plane  work  14"  X  14"  X  14". 

Two  types  of  shapers  of  leading  designs  are  Geared  Shapers 
and  Crank  Shapers. 

68.  The  geared-shaper  ram  is  driven  by  a  spur  gear 
meshing  with  a  rack  fastened  to  bottom  of  ram  similar  to  a 
spur-geared  planer.  Suitable  gearing,  shafts,  pulleys,  belts, 
and  countershaft,  complete  the  driving  mechanism  for  moving 
ram  forward  and  backward. 

69.  The  crank-shaper  ram  is  driven  by  a  direct  or  in- 
direct crank  movement  which  gives  a  quick  return.  Suitable 
gears,  shafts,  a  stepped  cone  pulley  and  belt  from  counter- 
shaft, complete  the  driving  mechanism  for  moving  the  ram 
forward  and  backward. 

70.  Feed  mechanisms  of  various  shapers  consist  of  a  feed 
disk  and  connections  for  obtaining  one  or  more  teeth  of 
feed,  measured  with  a  pawl  and  ratchet  in  advance  of  each 
cutting  stroke.    See  902. 

71.  Length  of  stroke  of  shaper  is  positive  and  can  be  more 
readily  set  to  terminate  cuts  close  to  a  shoulder  than  that  of 
a  planer. 

72.  Shaper  geared,  described,  Fig.  53. 


SCHEDULE  OF  PARTS 


A  —  Pillar  or  cohimn. 

^  —  Saddle. 

jB  — Ram,     slides     in     plane 

F  —  Table  which  supports  work 

scraped  bearings. 

and  vise. 

C  —  Shaper  head  bolted  to  ram. 

0  —  Handle  to  operate  hori- 

Mechanism similar  to  planer  head. 

zontal  feed  screw  and  give  cross 

See  p.  903. 

feed. 

D  —  Cross  rail  which  may  be 

HH' —  Feed  mechanism:  Feed 

raised  and  lowered  on  pillar  by 

disk,    pawl    and    ratchet.     For 

handle  on  opposite  side. 

power  feed. 

Digitized  by  VjOOQ IC 


SHAPER 


•31 


Fia.  53.  —  Shapbr,  Gear  Mechanism. 


1  —  Driving  belt  for  cutting 
stroke  of  ram  (two  speeds)  from 
tight  and  loose  pulley  counter- 
shaft. 

J  —  Belt  from  large  pulley  on 
countershaft  gives  a  return  speed 
about  3  to  1. 

KK'  —  Movable  dogs  reverse 
motion  of  ram  and  may  be  lo- 
cated to  give  desired  length  of 
stroke. 


L  —  Reversing  lever  operating 
friction  clutch  which  reverses 
ram  and  may  be  operated  by 
hand  or  dogs  KK', 

M  — Vise. 

N  —  Lever  to  clamp  vise  to 
table. 

P  —  Handle  to  clamp  work  to 
vise. 


73.  Traveling  head  shaper  or  traverse  shaper  has  a  bo?^ 
shaped  bed  supported  by  pillars  at  the  ends  and  two  tables 
on  its  side.  The  ram  is  mounted  in  a  saddle  which  travels 
along  the  bed  at  a  right  angle  to  stroke  of  ram  by  hand  or 
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power  feed.  It  is  designed  for  long  work  beyond  the  work 
of  a  pillar  shaper.  Small  work  may  be  clamped  to  table  or 
held  in  vise,  and  large  work  on  both  tables,  and  further  sup- 
ported, if  need  be,  by  jacks  and  blocking  resting  on  the 
floor. 

74.  Draw-cut  shaper  used  for  heavy  work.  The  apron 
and  tool  are  reversed.     The  tool  cuts  on  the  return  stroke. 

76.  Swivel  shaper  vise  (or  chuck)|  Fig.  54.  —  To  set  vise 
jaws  at  right  angle  to  cutting  stroke,  remove  taper  pin,  un- 


•HA^ER 


Fig.  64.  —  Planing  Work  Held  in  Shaper  Vise. 

clamp,  swing  vise  and  insert  pin.  As  the  base  is  graduated 
into  degrees  of  a  circle,  the  jaws  may  be  located  and  clamped 
at  any  desired  angle. 

Attention.  —  To  obtain  very  accurate  results,  a  thin  back- 
ing strip  or  a  rod  of  small  diameter  is  inserted  between  the  slid- 
ing jaw  of  vise  and  work  to  insure  even  pressure  on  the  fixed 
jaw,  so  that  the  second  cut  will  be  exactly  at  right  angles  to 
the  first. 

The  pressure  of  the  vise  jaws  has  a  tendency  to  lift  the 
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work,  and  for  finishing  fine  work  strips  of  tissue  paper  may  be 
inserted  at  each  end  between  the  planer  parallel  and  work 
and  the  work  lightly  pounded  to  its  seat  with  lead  hammer  ^ 
until  it  pinches  the  paper. 


Fig.  55.  —  To  Cur  Off  Work  Held  in  Vise. 

76.  Cutting  off  work  held  in  a  vise.  Fig.  55.  —  Use  cutting- 
off  tool,  the  head  as  at  A  and  apron  swivel  vertical.  For 
deep  cuts  the  apron  must  be  clamped  or  the  tool  lifted  out 
of  groove  on  return  stroke. 


Fig.  56. — Tapbb  Key  Held  in  Vise  with  Swivel  Fixtubb. 

77.  To  plane  taper  work  in  a  vise.  —  Use  swivel  fixture  A, 
Fig.  56.  Place  it  between  the  sliding  jaw  and  taper  key  B. 
By  matching  the  tapers,  two  taper  keys  may  be  held  and 
planed  without  the  fixture. 
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78.  To  plane  rectangular  work  held  in  shaper  vise.  Fig.  57. 


Fia.  67.  —  ScHBDUU)  Drawing. 


Spedflcations:  Material,  iron  casting  i"  large,  free  from  visible 
defects;  weight,  7  lbs.  14  oz.  Hardness,  23  to  35  (scleroscope). 
High-speed  steel  cutting  tools.  Speed,  30  to  60  F.P.M. 
Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  shaper, 
3  min.  —  "Set  up"  machine,  13  min.  —  Plane  rough  surfaces  (1), 
(2),  (3),  (4),  21  min.  — Finish  plane  surfaces  («),  (6),  (7),  (8),  11  mm. 
—  Set  vise,  apron  swivel  and  stroke  for  vertical  planing,  7  min. — 
Rough  and  finish  plane  ends  (9),  (10),  (11),  (13),  13  min.  —  Clean 
shaper,  5  min.  —  Total,  1  h.  18  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES,  FIXTURES 
AND  TOOLS 


Opbsations. 

Machines,  FixTunxSi 
Spbbds,  Feeds. 

Tools, 

Snag  catting. 

Machinist's  vise. 

Hammer,  cold  chisel, 
10"  or  12"  worn- 
bastord  file. 

Clean  shaper  and  vise. 

14''  shaper  and  shaper 
vise,  cutting  speed 
60  F.P.M. 

Brush,  waste. 

OU  bearings. 

Machine  oU. 

Horisontai  planing. 

In  vise,  clamp  work,  see  Fig.  64, 

Shaper    vise,    planer 

Lead     hammer. 

with  planer  parallel  under- 

parallel. 

shaper  wrench. 

neath.     Adjust  dogs  on  ram 

to  length  of  stroke. 

Rough  plane  (Bevel  end.) 

(1). 

Feed  2  teeth  or  ^". 

10"  or  12"  bastard 

one  cut  iV"  <1^P*  ^^P 

917. 

file,    holder     and 

point  tool  15' 
ralce,  3"  rule. 
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In  Tise  cUmp  work  with  planer 
parallel  underneath. 

Rongh  ^ane  (Bevel  end.)  (9), 
with  (1)  against  fixed  jaw, 
one  out  ^"  deep. 

In  vise  damp  work  with  planer 
parallel  underneath. 

Rongh  plane  (Bevel  end.)  (8), 
with  (1)  against  fixed  jaw, 
one  out.  SettoollJ"  + A" 
from  parallel  underneath. 

In  vise  damp  work  with  planer 
parallel  underneath. 

Rough  plane  (Bevel  end.)  (4), 
with  (9)  against  iixed  jaw, 
one  cut.  SettoollT^tf"+ A" 
from  parallel  underneath. 

In  vise  damp  work  with  planer 
parallel  underneath. 

Finish  plane  (»),  (•).  (7).  (8). 
in  given  order.  For  (i),  (•), 
set  tool  to  take  out  jW,  es- 
timated; for  (7),  (8),  set  tool 
to  dimensions  by  rule  or  gage 
block.  (File  burr  off  edges). 
Set  vise  at  right  angles  to 
present  j>osition,  redamp. 
See  Fig.  65. 
Vertical  planing. 

In  vise  damp  work  with  planer 
parallel  underneath.  Adjust 
dogs  on  ram  to  length  of 
stroke. 

Rough  ^ane  (Bevel  end.)  (t), 
with  (9)  against  fixed  jaw, 
one  cut  ^"  deep. 

Finish  plane  (!•),  one  cut  xii" 
deep. 


Reverse  work. 

Rongh  plane   (ii),   with    (9) 

against  fixed  jaw,  one  cut.  Set 

tool  121"  -H  xb"  from  (i§). 
Finish    plane   (1»>   one   cut. 

Set    tool    12i''    from    (!•). 

(File  burr  off  edges.) 
Stamp  name  on  broad  surface. 


Feed  4  teeth  or  ^'* 


Swing  apron  swivel. 
See  Fig.  21. 


Hand  feed,  or  if 
equipped  with 
power  feed,  use  2 
teeth  or  A". 

Hand  feed  or  j)ower 
feed,  1  tooth  or  s^". 


8"  or  10"  hand- 
smooth  file, 
square-nose  fin- 
ishing tool,  rule  or 
gage  block. 


Holder  and  cutter 
15®  rake,  or  cut- 
ting   down    tool. 

Holder  and  cutter 
15'*  rake,  or  side 
tool  with  point 
beveled. 

Long  rule  and  short 
rule. 


tested  letters,  ham. 
mer. 
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79.  Motor-driven  shaper.  Fig.  58,  is  convenient  and  suc- 
cessful for  all  types  of  shaper  work.  This  machine  is  shown 
planing  the  top  of  a  machine  leg.  The  table  of  shaper  is  re- 
moved and  leg  A  is  clamped  to  saddle  B.  The  shaper  is  started 
by  means  of  switch  C  and  rheostat  D.  All  adjustments  of  tool 
and  feed  are  the  same  as  those  given  on  pp.  934,  935. 


FiQ.  58.  —  Planing  Top  of  MAcmNs  Leg  wpth  Motor-Driven  Shaper. 

80.  Eeyseater  and  slotter.  Fig.  59.  —  This  machine  will 
cut  keyways  in  pulleys,  flywheels,  gears  and  cams.  By  the 
addition  of  fixtures,  it  will  plane  keys  and  take  care  of  a  large 
variety  of  internal  and  external  slotter  work.  It  is  supplied 
with  automatic  feed,  stop,  and  release.  The  table  may  be  tilted 
for  taper  keyways  and  other  taper  work.  In  Fig.  59,  cutter  A 
is  cutting  keyway  B  in  fly  wheel  C  The  work  is  centered 
automatically  by  centering  bushing  D,    The  hub  may  be  left 
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rough.     Keyways  may  be  cut  in  several  pieces  by  placing  one 
above  the  other. 


Fig.  59.  —  CxmrNa  Kbyway  in  Flywheel  with  Motor-Drivbn 
Keybeater. 

Small  keyways  are  usually  cut  with  a  saw-cutter  outfit,  as  at 
A,  fig.  60. 

COHNtCTWG 


ATTAOttME 


Fig.  60.  —  Cutting  Small 
Kbyway  in  Gear. 


Fig.  61.  —  Cutting  Slot  in 
CoNNEcnNG  Rod. 
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By  the  addition  of  a  circular  attachment,  as  at  A,  Fig.  61,  the 
rectangular  and  circular  slots  in  the  ends  of  the  connecting  rods 
and  other  work  of  this  nature,  may  be  quickly  and  accurately 
machined.  See  Planing  Keyways,  pp.  926,  927;  Broaching 
Ke3rways,  pp.  643-648;  Milling  Keyways  In  Shafts,  pp.  10l4, 
1015,  1018. 

81.  Slide  rule  for  timing  planer  work. 


CUTTVM  ftPKCO   ••*  ^ 

RULE 


■i    'I'  'I'  ^   r  1  >  I'i'i  fiwi^iM"M' 


Sci 


STc' 


TfTi7i,T(t;V. 


Fig.  62. — Buds  Ruijb  Sbt  for  CcnriNa  Speed  of  80  F.P.M.,  Rotdbn 
Speed  90  F.P.M.,  Feed  ^". 

The  slide  rule,  Fig.  62,  is  used  for  calculating  the  time  re- 
quired to  plane  work  at  different  cutting  speeds,  return  speeds 
and  feeds.  It  consists  of  a  rule  and  slide  with  five  scales. 
Scale  A  is  the  cutting  speed,  scale  B  is  the  return  speed,  scale 
C  is  the  feed,  scale  D  the  area  to  be  planed,  and  scale  E  the 
time  required  to  do  the  planing. 

To  use  the  slide,  first  find  the  number  of  square  inches  to  be 
planed;  second,  find  the  cutting  and  return  speeds  of  the  planer ; 
third,  decide  on  the  feed  to  be  used;  fourth,  locate  the  point  of 
intersection  of  the  cutting  speed  curve  on  scale  A  with  the 
horizontal  return  speed  line  on  scale  B;  fifth,  move  the  slide 
until  the  feed  figure  on  scale  C  is  directly  under  this  intersec- 
tion; sixth,  locate  on  scale  D  the  number  corresponding  to  the 
area  of  work  to  be  planed  and  directly  below  on  scale  E  will  be 
found  the  time  it  wUl  take  to  do  the  planing. 

Example, — To  plane  a  bench  leveling  plate  20  inches  by  30  inches 
long. 

Width  X  Length    20"  X  30"  -  600  square  inches 
Cutting  speed  30  feet  per  minute 

Return  speed  90  feet  per  minute 

Amoimt  of  feed  ^jr" 

Move  the  slide  until  the  iV''  o^  s<^o  ^  comes  directly  under  the 
intersection  of  30  foot  cutting  speed  on  curve  from  scale  A,  and  the 
90  foot  return  speed  line  from  scale  B.  Directly  below  the  600  on 
scale  D  will  be  found  on  scale  E,  the  time  required  36  minutes. 

Attention, — In  calculating  the  area  to  be  planed,  the  over-travel  of 
tool  at  front  end  of  work,  and  tool  clearance  at  back  end,  should  be 
added  to  the  length. 
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SECTION  10 
MILLING 

iatrodactioa.    Idling  Machines.    Ifiiling  Cutten.    Speeds  end  Feeds 

Measuring  Work.    Plain  Milling.    Jigs  and  Fixttires.    Index  Milling. 

Caloilatfng  Diameter  of  Blank  to  Mill  Square  or  HezagonaL 

Mining  on  Centers.    Gnwving  Taps.    Flutfaig  Reamers. 

Moling  Teeth  of  Milling  Cutters.    Circukr  Mining. 

Vertical  Mining.    ProflUng.    Rake  Tooth 

Mffling  Cutters 

INTRODUCTION 

1.  MflUng  18  a  process  of  machining  parta  to  dimenidonii,  to 
r^^ular  and  irregular  shapes,  to  cut  gears,  to  groove  tap^, 
reamoB,  driOs,  etc.,  with  rotary  cutters.  Its  greatest  value 
is  its  power  of  duplication  to  produce  interchangeable  machine 
parts. 

MILLING  MACHINES 

2.  M^itK^c  iPfii'^^tir  may  be  classed  as  follows: 

L  The  ff^f^nm^  and  knee  tjHP^  ^^  ^f  made  both  plain  a^id 
uniTCfsal,  and  used  for  general  work« 
IL  The  fbner  Ifpe,  Fig*  26,  for  the  heaviest  gang  and  ulal/ 

millifig, 

nL  The  mMmdmttanng  Ifpe,  Fig.  29,  for  ]i$fA  plain  m,:iif4^ 
TV.  Vertical  milliiig  marhmrs  make  um  iA  the  r^rA  ^A 

mill  principle  of  cutting  niA  nre  used  for  fauw;  Ktll..!^  d;^  ^m^- 

ing,  routing,  etc,  see  Fig.  &L 

Y.  PntSmg  aadnnea  n^uce  me  of  the  Ux£^;a/:^.  yr.Zdei'^,  fd 

¥L  Spedfld  flriOiiig  maditiies:  O^Ar-^r^riri^  s'jk^.t.^ju^,  VAt 

X  A  pisii  fliSng  WMhrnt,  i*^  27  '^r/  .rr^a  t^ui  i^Aft  *.;->^ 
1  used  icr  Tsrxiut  kJnit  '-^  V.i*^  ::l^\.:l^  art  *iuri«*  "^  iwi^ 
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milling,  keyways,  slotting,  etc.,  and  with  the  addition  of  index 
centers,  is  used  for  index  milling.    See  also,  Fig.  28. 

The  table  is  provided  with  two  movements — longitudinal, 
controlled  by  hand  and  power  feeds;  and  transverse,  by  hand 


*  RHE0GT4T 


HEAD^T^Clt 


1.  —  Univebsal  Milling  Machinb. 


feed  and  on  some  machines  by  power  long.  feed.  The  knee  is  ad- 
justable on  the  column  and  may  be  set  at  different  heights  to 
suit  the  work,  and  may  be  fed  upward  to  take  vertical  cuts  by 
hand  and  on  some  machines  by  power. 
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4.  A  universal  milling  macliiney  Fig.  1  (column  and  knee 
type),  with  swivel  table  for  spiral  operations,  is  adapted  to  a 
great  variety  of  work.  It  is  used  for  all  kinds  of  index,  spiral 
and  light  plain  milling  and  within  its  capacity  can  do  the  work 
of  all  the  other  classes  of  miUing  machines,  planers  and  shapers, 
both  regular  and  special. 

6.  Universal  milling  machine  described.  Fig.  1. 

SCHEDULE  OF  PARTS 

Motor  Drive    Constant  Belt  Speed    Gear  Hbadstock 
Gear  Feed 


1.  Frame. 

2.  Knee  gibbed  to  frame. 

3.  Clamp  bed. 

4.  Saddle  pivots  in  clamp  bed, 
is  graduated  in  d^rees. 

5.  Table  gibbed  to  saddle,  can 
be  swiveled  to  any  desired  angle 
for  milling  spirals. 

6.  Index^  spiral  or  dividing 
head  (detachable)  with  mecha- 
nism for  rapid,  plain  and  differen- 
tial indexing.  Also  connected  by 
gears  to  feed  screw  to  give  rotary 
motion  to  mill  work  spirally. 

7.  Footstock  (detachable). 

8.  Driving  pulley  driven  by 
motor  or  belt  from  countershaft. 

9.  Rheostat,  starting  device  for 
motor. 

10.  Gear  headstock  consists  of 
spindle,  back  gears  and  mounted 
system  of  gearing,  giving  16 
spindle  speeds,  ranging  in  geo- 
metric progression  from  15  to 
376  revolutions  per  min. 

11.  Speed  table  gives  spindle 
speeds,  and  position  of  the  three 
levers  A,  B,  C,  to  obtain  them. 
To  obtain  a  given  speed,  imlatch 
lever  A  and  lower  it.  Move  in- 
dex lever  B  to  required  column 


under  speed  table,  then  raise  lever 
A  to  engage  proper  gears  and 
latch  it.  Lever  C  gives  fast  or 
slow  motion.  Throw  back  gears 
in  and  out  as  in  lathe. 

12.  Mounted  system  of  feed 
gears  similar  to  the  headstock, 
driven  by  a  chain. 

13.  Feed  table  gives  position 
of  three  levers  D,  E,  F,  to  obtain 
12  feeds.  To  obtain  a  given  feed, 
imlatch  lever  D  and  raise  it. 
Move  lever  E  to  required  column 
under  feed  table  13,  then  lower 
lever  D  to  engage  gears  and  latch. 
Lever  F  gives  fast  and  slow  mo- 
tion. 

14.  Power  long,  feed  lever. 

15.  15'.  Table  dogs  to  stop 
power  long.  feed. 

16.  Power  cross  feed  lever. 

17.  Power  vertical  feed  lever. 

18.  18'.  Vertical  feed  dogs. 

19.  Lever  to  start,  stop  or  re- 
verse all  feeds. 

20.  Knob  to  release  spindle 
when  desired  to  rotate  it  by  hand. 
Dials  on  long,  or  horizontal,  cross 
and  vertical  feeds  are  graduated 
in  thousandths. 


See  Inspection  of  a  Milling  Machine,  p.  14l0. 
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6.  Milling-machine  arbor  A^  Fig.  2,  which  is  used  for  light 
worky  is  held  in  place  by  a  tang  and  is  removed  with  a  rod. 
The  cutter  may  be  secured  on  arbor  by  wire  key,  collars  and 


ARM 
MARlNa 

FOR  UOHT  WORK 

^ 

•  US  TAPCR 

:> 

^pEJ 

^ 

LJ 

/ 

NUT 

Fxa.  2.  —  MiLUNG-MAcraNB  Arbob  foe  Cutters  with  Plain 
Holes  —  Light  Wobk. 


NUT 

I 


FOR  HEAVY  WORIC 
OOLLARt  (P9 


ORAWINO  IN  ROLT 


^ 


I 


•lARINQ  REARINQ  , 

FOR  EXTRA 
ARM  BUFPORT 


Jie; 


■AORINQ  OUT  NUT 


Fig.  3.  —  Mhjjnq-Machinb  Arbor  por  Cutters  with  Plain 
Holes  —  Heavy  Work. 


nut,  or  the  key  may  be  omitted  for  light  work.  Arbor  -B, 
Fig.  3,  is  used  for  heavy  work.  It  is  held  by  drawing-in  bolt, 
and  backed  out  by  nut. 


J    T-JA     U 


Fig.  4.  —  Shell-Mill  Arbor. 


BftaTAfn 

Fig.  6.  —  Milling-Machine  Col- 
lets for  Milib  with  Taper 
Shanes. 


7.  Shell-mill  arbor,  Fig.  4,  is  used  to  hold  shell  mills. 

8.  Milling-machine  collets  (C),{D)j  Fig.  5,  are  used  to  hold 
taper  arbors  and  shanks,  such  as  end  mills. 
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— Face  Milunq 
Cutter. 


MILLING  CUTTERS 

9.  Milling  cutters  (classified  in  four  types,  see  Chart,  Fig.  10) , 
are  made  of  carbon  and  high-speed  steel, 
hardened,  tempered  and  gromid.  Large 
mills  are  made  with  cast-iron  or  machine- 
steel  body  and  high-speed  steel  inserted 
teeth.  Large  mills  are  often  nicked  to 
break  chips  and  reduce  friction. 

10.  Face  or  plain  milling  cutter.  Fig. 
6,  cuts  surface  parallel  to  its  axis.  Cut- 
ters over  f "  in  width  have  helical  teeth;  Fig.  6, 
less  than  }",  have  straight  teeth.  They 
are  used  for  keyways,  slots,  cutting-oflf  stock  and  similar  work. 
Grind  clearance  on  teeth  6®  to  7®  for  cutters  under  3"  in 
diameter,  and  4"*  to  5®  for  those  over  4". 

Excessive  clearance  will  cause  vibration. 
See  Coarse  Tooth,  Rake  Tooth,  and  Heli- 
cal Tooth  Milling  Cutters,  pp.  104&-1048. 

11.  Side  or  radial  mills   (shell-end  ^ 
miU)|  Fig.  7,  cut  surfaces  perpendicular      \. 
to  axis.     Grind  clearance  2®  to  4?  and 
.001"  to   .002"   hollow,   or  lower  near 
center.     Excessive  clearance  will  cause 
vibration. 

12.  Angular  cutters.  Fig.  8,  cut  surfaces  inclined  to  axis,  as 
45^  50^  60%  70^ 
andSO**.  Double- 
angle  cutters  have 
angles,  as  40"^  and 
12%  48^  and  12% 
etc.  Grind  clear- 
ance same  as  face 
and  side  cutters. 

13.  Formed 
milling  cutter. 
Fig.  9,  cuts  surfaces  of  curved  or  irregular  ouHine.    It  is  so 
relieved  that  clearance  does  not  have  to  be  considered.     The 


Fia, 


7. — Shell-End  or 
Side  Mill. 


Fig.  8.  —  Angular 
Milling  Cutter. 


Fig.  9.  —  Formed 
Milling  Cutter. 
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CHART  OF  MILLING  CUTTERS 

HIGH  SPEED  OR  CARBON  STEEL 

FOUR  CLASSES 


FACE  OR  PLAIN 

INSERTED 
(NICKED)  TEETH 

2 


METAL 
SUTTINO  SAW 


SIDE  OR  RADIAL 


INSERTED  TOOTH 
SURFACE  MILL 

9 


ANGULAR 

CUTTER  FOI» 
SPIRAL  MILLS 


THREAD 
MILLINO 


SPUR, SPIRAL  AND 
WORMOEAR  HOS 


FORMED 


INVOLUTE 
GEAR  CUTTER 

18 


EPICYCLOIDAL 
GEAR  CUTTER 

19 


Fig.  10. 
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teeth  must  be  ground  radially  and  equidistantly  or  it  will  not 
mill  its  correct  form. 

14.  Form  milling  cutters  are  made  and  sharpened  by  grind- 
ing the  top  of  the  teeth  the  same  as  ordinary  cutters,  but  are 
largely  superseded  by  formed  cutters. 

16.  Fly  cutter,  as  shown  in  Chart,  No.  24,  Fig.  10,  is  an 
improvised  cutter  that  can  be  made  to  any  desired  form  for 
any  experimental  operation,  as  plain,  angular,  or  formed 
milling,  also  to  cut  the  teeth  of 
gears,  as  in  Fig.  11.  It  is  filed 
to  shape  with  clearance  back 
of  cutting  edge,  then  hardened, 
tempered  and  the  face  ground. 
It  is  securely  held  in  the  fly 
cutter  arbor.  As  there  is  only 
one  cutting  edge,  the  feed  must 
be  very  fine. 

16.  A  cotter  mill  is  often  used 
to  mill  slots.     See  C,  Fig.  42.         ^^'  H-— Cutting  Gbar  Tbbth 

17.  Right  and  left  cutters.  —  wrra  Fly  Cutteb. 
Ordinary  milling  cutters  can  be  operated  both  right  and  left, 
according  to  which  side  is  placed  on  arbor  first.  Irregularly 
formed  cutters  are  obtainable,  right  or  left,  to  suit  different 
milling  machines.  The  cutting  movement  of  a  right  cutter 
is  the  same  as  that  of  a  regular  twist  drill. 

18.  The  correct  and  incorrect  direction  of  rotation  for 
horizontal  feed  is  shown  in  Figs.  12,  13.  — To  mill  work  by 
raising  knee,  that  is  vertical  feed,  work  should  be  on  side  of 
mill  moving  downward  to  avoid  tendency  of  mill  to  lift  work. 
For  a  very  thin  cutter,  set  gib  screws  hard,  or  use  a  counter- 
weight to  hold  table  back  because  back  lash  will  cause  teeth 
to  catch  and  break. 

19.  Opposite  cutting  movements  of  different  machines. — 
Before  placing  a  cutter  on  a  milling-machine  arbor,  ascertain 
the  position  of  headstock  on  the  table,  whether  right  or  left, 
which  differs  on  different  makes  of  milling  machines.  See  Figs. 
40,  57.  Also  the  direction  of  cutting'  movement  and  direction 
of  rotation  of  cutter  teeth. 
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20.  Selection  and  mounting  of  cutters  depends  on  nature 

of   work,    construc- 
tion of  machine  and 

available    cutters. 

Use  cutters  as  small 

as  work  will  permit 

as  they  have  a  short- 
er cut  and  require 

less  power.    End 

mills  or  side  mills  are 

the   fastest   cutters 

as  they  have  more 

teeth  in  contact  at 

once.      For  some 

operations,   as   cut- 
ting gears,  a  certain  type  of  formed  cutter  must  be  used. 
Before  mounting  a  cutter,  start  machine  and  note  direction 
of  rotation. 

Attention.  —  When  setting  up  machine,  all  parts  that  are 
fitted  or  clamped  together  must  be  wiped  clean. ,  Vise,  fix- 
tures and  work  must  be  held  securely. 


Fig.  12.  —  CoBRSCT 
Cutting  Movement. 
Fob  Horizontal 
Feed. 


Fig.  13.  —  Incobbbct 
Cutting  Movement. 
Fob  Horizontal 
Feed. 


SPEEDS  AND  FEEDS 

21.  Cutting  speeds  for  milling  cutters  depend  on  the 
hardness  of  the  material,  depth  of  cut  and  stability  of  the 
machine,  therefore  only  approximate  speeds  are  suggested. 

Carbon  steel  cutters:  Cast  iron,  40  F.P.M.;  machine  steel, 
40  F.P.M.;  annealed  carbon  steel,  30  F.P.M.;  brass  or  com- 
position, 80  F.P.M. 

High-speed  steel  cutters:  Cast  iron,  80  F.P.M. ;  machine 
steel,  80  F.P.M.;  annealed  carbon  steel,  60  F.P.M.;  brass 
or  composition,  160  F.P.M. 

For  great  accuracy,  rough  oversize  and  finish  with  a  light 
cut,  high  speed  and  fine  feed.  A  cutter  may  be  safely  rotated 
the  same  number  of  revolutions  as  lathe  work  equal  in  diam- 
eter to  cutter.  A  slitting  saw  will  stand  twice  the  cutting 
speed  of  a  large  plane  mill. 
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22.  Feed  for  milling  cutters  is  from  .002''  to  .250''  per 
cutter  revolution  and  depends  on  diameter  of  cutter,  kind  of 
material,  width  and  depth  of  cut,  size  of  work,  and  whether 
light  or  heavy  machine  is  used.  Plain  mills  will  stand  a 
coarse  feed;  angular  mills  will  not.  A  3"  plain  cutter  at 
40  F.P.M.,  feed  .040"  per  cutter  revolution,  will  produce  a 
finished  surface. 

As  a  large  part  of  milling  is  done  with  one  cut,  the  feed 
should  be  fine  enough  to  produce  a  smooth  surface.  When 
two  cuts  are  used,  it  is  best  to  try  a  low  speed  and  coarse  feed 
for  roughing,  and  a  faster  speed  and  finer  feed  for  finishing. 

Warning.  —  High  speeds,  not  coarse  feeds,  ruin  cutters. 
Watch  action  of  cutter,  belt  and  feed.  Too  fast  a  speed,  or 
a  dull  cutter  will  make  a  squeaking,  scraping  noise.  A  dull 
cutter  wears  rapidly  and  produces  a  rough  surface.  As  soon 
as  a  cutter  shows  dullness,  grind  it. 

23.  Lubricant  for  milling  cutters.  See  Table,  p.  l49. — 
Cast  iron  and  brass  or  composition  are  milled  dry.  A  jet 
of  air  to  remove  chips  will  admit  faster  feed  and  prolong  life 
of  cutter.  Lard  oil  is  used  on  tenacious  metals,  such  as  steel 
and  wrought  iron.  A  stream  of  oil  under  pressure,  will 
wash  away  chips,  prevent  clogging  and  recutting  of  chips. 
For  ordinary  work,  drop  oil  on  cutter,  as  in  Fig.  50.  While 
lard  oil  is  best,  milling  compounds  are  obtainable  which  are 
less  expensive,  or  a  soda-water  mixture  may  be  made,  as 
follows:  i  lb.  sal  soda,  i  pt.  lard  oil,  i  pt.  soft  soap  and 
water  to  make  10  qts.    Boil  one-half  hour. 

24.  To  mill  aluminum.  —  Speed  for  high-speed  steel  mill- 
ing cutters  110  F.P.M.  Feed  from  .007"  to  .250"  per  cutter 
revolution.  The  speed  and  feed  for  milUng  aluminum  may 
be  from  25  per  cent  to  50  per  cent  higher  than  for  brass. 

Lubricant:  equal  parts  of  lard  oil  and  kerosene,  or  soap, 
water  and  kerosene;  or  lard  oil,  25  per  cent,  benzine,  75  per 
cent.  Some  prefer  a  compound  made  as  follows:  3  gals, 
mineral  lard  oil,  5  lbs.  sal  soda,  and  47  gals,  of  water. 

End  mills  or,  preferably,  high-speed  steel  inserted-tooth 
face  milling  cutters,  give  better  results  than  plain  milling 
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cutters  as  there  is  more  chip  room,  and  with  a  proper  lubri- 
cant, clogging  and  recutting  of  the  chips,  which  is  the  real 
trouble  in  milling  aluminum,  is  avoided. 

Example  in  milling  aluminum. — 3 J"  high-speed  steel  in- 
serted-tooth  face  milling  cutter,  as  in  Fig.  64:  speed,  320 
R.P.M.;  feed,  4.8"  P.M.,  lubricated  abundantly  with  a  mix- 
ture, one  part  aqualene,  20  parts  water,  will  produce  a  finely 
finished  surface. 

Information.  —  All  machining  operations,  as  turning,  drill- 
ing, planing,  milling,  etc.,  on  other  metals,  may  be  applied 
to  aluminum  by  using  a  good  lubricant.  Pure  aluminum 
does  not  machine  as  readily  as  some  of  the  standard  aluminum 
alloys.  In  general,  the  cutting  speed  should  be  higher  and 
the  feed  lower  than  for  brass. 

26.  To  mill  copper.  —  Speed  80  P.P.M.  or  a  little  lower 
than  for  brass.  Feed  .002"  to  .125"  per  cutter  revolution. 
Lubricant  same  as  for  aluminum,  or  milk  may  be  used. 

26.  PickUng  and  tumbling  castings  and  forgings. — The 
hard  scale  and  sand  should  be  removed  from  castings  before 
milling  by  tumbling  in  barrel  or  by  pickling.  Forgings 
should  be  pickled  as  the  scale  is  destructive  to  cutters.  See 
Pickling,  Principles  of  Machine  Work. 

MEASURING  WORK 

27.  To  set  cutter  by  trial  to  cut  required  depth.  —  Take 
short  cuts  and  test  depth  with  a  rule,  or  line  out  work  and 
take  short  cuts  to  line. 

28.  To  set  cutter  by  measurement,  start  machine  and 
move  work  under  cutter  by  hand  long,  feed;  then  raise  knee 
by  vertical  feed  shaft  until  work  just  touches  revolving  cutter 
(or  take  a  short  trial  cut  less  than  required  depth  and  measure 
work  with  micrometer).  Set  dial  on  vertical  feed  at  zero  and 
move  work  away  from  cutter,  then  raise  knee  number  of 
thousandths  of  an  inch  required.  Move  table  slowly  to  cut 
by  hand  feed  to  avoid  breaking  cutter,  then  throw  in  power 
feed.  At  end  of  cut,  trip  feed  by  hand  or  automatically  by 
table  dog. 
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Fia.  14.  —  Setting   Vibb    Jaws 
Paballel  to  Abbob. 


29.  The  limit  in  milling.  —  For  plain  milling,  as  bolt  heads, 
nuts  and  similar  work,  a  limit  of  from  .002"  to  .004"  is  allow- 
able. On  fine  machine  parts, 
such  as  gun  work,  sewing 
machines,  typewriters,  electri- 
cal and  scientific  instruments, 
limits  from  .0005"  to  .002" 
are  allowable.  For  close  fits, 
mill  as  accurately  as  possible 
to  save  filing. 

PLAIN  MILLING 

SO.  Methods  of  holding 
work  in  plain  milling  are  sim- 
ilar to  those  for  planing  or  drill- 
ing. There  are  three  general 
methods:  Holding  in  vise, 
clamping  to  table,  or  holding 
by  jig  or  fixture. 

31.  To  set  milling  machine 
vise  on  table  with  jaws  par- 
allel to  arbor,  see  Fig.  14,  and  at  right  angle  to  arbor,  see 
Fig.  15.    To  set  jaws  at  any  other  angle,  use  bevel  protractor, 
or  graduated  circle  at  base  of  swivel  vise,  Fig.  17. 


CO 


^^r 


-3 


Fig.  15.  —  Sbtting  Visb  Jaws  at 
Right  Anglb  to  Abbob. 


Fig.  16.  —  Face  Millxng.       digitized  by  GoOglc 
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32»  To  face  mill  work.  Fig.  16. — Drive  arbor  lightly  into 
spindle.  Place  cutter  on  arbor,  clamp  hard  and  adjust  to 
arm.  Bolt  vise  to  table  with  jaws  at  right  angle  to  arbor. 
Place  work  on  planer  parallel  A,  and  clamp  hard.  As  pressure 
of  jaws  will  lift  work,  pound  with  soft  hammer  during  and 
after  clamping. 


Fia.  17.  —  MiLLiNQ  Work  in  Swivel  Vise  Set  at  45*. 


Fig.  18.  —  Unxversal  Vise  Set  at  45®  Vbbticallt  to  Spindle. 

33.  Graduated  swivel  vise,  Fig.  17,  is  used  for  milUng  at 
an  angle  as  shown.  The  width  of  the  slot  in  work  is  ad- 
justed by  inserting  thin  metal  or  paper  washers  between  the 
interlocking  side-milling  cutters. 
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34.  A  universal  vise  can  be  swung  to  almost  any  position, 
at  a  right  angle  to  plane  of  axis  of  spindle  and  45^  vertically, 
as  in  Fig.  18,  or  at  an  angle  of  45^  vertically  and  horizontally, 
as  in  Fig.  19. 


Fig.  19.  —  SBTrma  Univebsal  Vise  at  45**  Horizontally  and 
Vbrticallt  to  Spindle. 


Fig.  20. — Milling  Slot  in  Work 
Held  in  Shell  Fixtxtbe. 


Fig.  21. — BEGiNNiNq  and  End- 
ing Cuts  in  Grooves,  Flutes, 
Kbtways  and  Slots. 


36.  Shell  fixture.  Fig.  20,  made  square  or  hexagonal,  and 
used  to  hold  two,  four  or  six-sided  work  without  an  index 
head.  For  shafts,  spindles  and  screws,  the  hole  is  straight. 
For  shanks  of  mills,  drills  and  arbors,  the  hole  is  taper.    A 
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screw  secures  work  in  fixture,  and  a  slot  permits  vise  to  clamp 
work. 

36.  In  taking  short  trial  cuts  to  obtain  width  of  land  in  groov- 
ing taps,  fluting  reamers,  milling  teeth  of  cutters,  etc.,  it  is  well 
to  know  that  the  milling  cutter  does  not  cut  its  full  depth 
until  the  axis  of  the  cutter  has  passed  the  end  of  the  work  as 
shown  at  A  A',  Fig.  21.  To  avoid  a  curved  tooth  or  land, 
at  end  of  cut,  the  feed  must  be  continued  by  power  or  hand 
until  the  axis  of  the  cutter  has  passed  the  end  of  the  work  as 
shown  at  BB'  and  CC,  Fig.  21.  To  mill  the  bottom  of  a 
kejrway  or  slot  straight  to  a  shoulder,  do  not  stop  the  feed 
until  the  axis  of  cutter  has  passed  the  shoulder  as  shown  at 
DD\  Fig.  21. 


Fia.  22.  —  MiLUNQ  Keywat  in  Shaft. 

Information.  —  To  terminate  a  cut  automatically  at  end 
of  tooth  or  land,  mount  work  on  centers,  raise  table  until 
work  just  clears  cutter.  Start  machine  and  power  feed. 
Sight  axis  of  cutter  and  end  of  tooth  or  blank  and  when  axis 
of  cutter  is  nearing  end  of  tooth  or  blank,  clamp  tabl^  dog. 
Begin  cut  as  in  AA\  Fig.  21,  and  mill  one  groove  and  termi- 
nate cut  with  table  dog.  Then  adjust  dog  to  correct  length 
of  groove. 
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37.  To  mill  keyway  or  slot  in  shaft.    Fig.  22. 

Spedflcations:  Material,  maclune  steel  shaft  cold  rolled,  turned 
or  ground,  1^"  diameter.    Mill  keyway  J"  wide,  /y ''  deep. 

Ifiachines  and  tools:  Milling  machine,  milling  machine  vise,  arbor 
y  cutter,  rule,  planer  parallel,  lead  hammer. 

Speed,  Ist  or  2d  speed  or  60  F.P.M. 

Feed,  mediimi  power  feed,  or  .010''  per  cutter  revolution. 

Lubricant,  lard  oil. 

Time:  10  min.  with  machine  "set  up." 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


I.  Clean  and  oil  machine  and 
vise. 

n.  Preparatoxy  adjustments.  Fas- 
ten milling  machine  vise  to  table 
with  jaws  at  right  angle  to  arbor. 
See  Hg.  15. 

Insert  clean  arbor  in  clean 
spindle  and  drive  lightly  with 
lead  hammer.  Place  cutter  on 
arbor  without  key,  to  cut  in  direc- 
tion of  rotation  as  shown,  and 
clamp  hard.  Oil  end  of  arbor 
and  adjust  arm  to  it. 

in.  Set  cutter  centraL  Raise 
table  and  move  cross  feed  until 
distance  A,  from  cutter  to  fixed 
jaw  B,  equals  one-half  diameter  of 
shaft  less  one-half  width  of  cutter. 

Example:  shaft  «  lA"*  cut- 
ter =■  J".  One-half  diameter  of 
sl^t  «  W\  one-half  width  of 
cutter  »  i'\    Thus  distance  A  ^ 

H"  -  I"  -  if". 


Clamp  cross  feed. 

IV.  Clamp  shaft  in  vise.  Lower 
table.  Place  shaft  C  on  paral- 
lel between  vise  jaws.  Clamp 
hard  and  drive  to  seat  with  lead 
hammer.  Draw  line  for  length 
of  keyway. 

y«  Take  trial  cuts.  Start  ma- 
chine and  take  a  few  short  trial 
cuts  with  hand  feed  imtil  cutter 
mills  its  width. 

VI.  Raise  table  for  depth  of 
keyway.  Move  work  away  from 
cutter.  Set  vertical  dial  at  zero 
and  raise  table  required  sumber  of 
thousandths  for  depth  D  {.(m"). 

Feed  work  to  cutter  by  hand 
feed  then  throw  in  power  feed 
and  null  keyway  with  one  cut. 
When  nearing  line,  trip  power 
feed  by  hand,  and  feed  to  line  by 
hand  feed. 


AtterUum.  —  When  milling  two  or  more  keyways,  slots,  grooves, 
etc.,  it  is  best  to  set  and  adjust  table  dog  to  trip  feed  automatically 
at  desired  length  of  cut. 

Warning.  —  To  avoid  injury,  keep  clothing  and  fingers  away  from 
revolving  cutters. 
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38.  Metal  slitting  saw  A,  Fig.  23,  is  used  to  slit  lathe  foot- 
stock  jB,  held  by  fixture  C.  Also  to  cut  oflf  pieces  of  work  as  in 
Fig.  24. 


Fig.  23. — SLiTrma  Lathe 

FOOTBTOCK. 


Fia.24. — Cutting  Off  PiscaBs. 


Fig.  25.  —  Milling  Dovetail.    Plain  Milling  MAcmNS. 

39.  To  mill  dovetail.  Fig.  25,  use  angular  shell  mill  A, 
mounted  on  end  of  short  arbor  with  hand  vertical  feed.  If 
necessary,  raising  block  C  may  be  used  to  elevate  work  B. 

40.  Planer-type  milling  machine,  Fig.  26,  with  elevating 
spindle,  is  designed  for  heavy,  wide  and  long  cuts.  They  are 
made  with  one  or  two  horizontal  heads  and  in  addition  one 
or  two  vertical  heads.    The  work  is  held  by  bolts,  clamps  and 
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screw  pinsi  and  should  butt  against  pins  or  angle  plate  to 
prevent  slipping. 


Fig.  26.  —  Planeb-Ttpb  Milung  Machins. 

41.  Gang  mills  are  made  by  combining  a  number  of  mills 
of  desired  shape,  as  in  Fig.  27,  and  enables  work  to  be  fin- 
ished in  one  operation. 


Fig.  27.  —  Gang  Muxs.    Milling  a  Cap. 


JIGS  AND  FIXTURES 

42.  ICilling  jigs  and  fixtures  are  used  where  a  number  of 
duplicate  parts  have  to  be  milled.    See  Figs.  28,  29,  30. 
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43.  Mvitiple  miUing.  —  Use  milling  fixture.  Fig.  28,  for 
rapid  production  of  keyways.    It  is  bolted  to  table  and  has 


Fia.  28.  —  Multiple  Millxng.    Millxng  Kbtwatb  in  Thbsb 
Shafts  at  One  Tdce. 


HE4D«T0eK  rt  POPTSTOOK" 


Fig.  29. —  Commercial  Milling.  Manufacturing  Milling  Machine. 

three  V-grooves  into  which  three  shafts  are  clamped,  and  three 
keyways  milled  at  a  time. 
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4A.  Mantif  acturing  type  of  milling  machine.  Fig.  29,  adapted 
to  accurate  duplicate  work  which  can  be  held  in  a  vise  or  jig, 
and  is  largely  used  in  gun,  sewing  machine,  typewriter,  and 
shoe  machinery  work. 

46.  A  jig  for  milling  duplicate  machine  parts.  Fig.  30. — 
The  mill  has  inserted  high-speed  steel  cutters,  held  in  place 
by  taper  pins. 


Fig.  30.  —  Milling  Dupucatb  Work.    Inbebtbd  Tooth  Mill. 

INDEX  MILLING 

46.  Indexing  is  to  divide  work  into  any  number  of  parts. 
There  are  three  methods:  Rapid,  plain  and  differential. 

Rapid  Indexing 

47.  Rapid  indexing  is  done  by  an  index  plate  or  disk 
fastened  to  the  index  head  spindle  which  may  have  24,  30  or 
36  notches  or  holes  to  index  work  into  any  number  of  divi- 
sions that  will  divide  these  numbers  evenly.  It  is  preferred 
for  work  that  requires  only  a  small  number  of  divisions,  as 
bolt  heads,  nuts,  grooving  taps,  etc. 

48.  Holding  work  for  index  milling  is  similar  to  holding 
work  in  an  engine  lathe.  There  are  three  general  methods: 
Moimting  on  centers,  on  mandrel,  or  by  securing  in  a  chuck. 
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49.   To  mill  bolt  head  and  nut  hexagonal  with  heading 
millsy  bolt  head  milling  machine.    Fig.  31. 


Fig.  31.  —  Millinq  Bolt  Head  and  Nut  Hexagonal. 

Specifications:  \"  bolt  turned  and  threaded,  with  \*'  hexagonal  head 
and  nut  to  be  milled  to  \\", 

Machines  and  tools:  Bolt  head  milling  machine,  arbor,  index  head 
and  imiversal  chuck,  two  high-speed  steel  heading  mills,  \y  spacing 
collar,  milling-machine  nut  mandrel,  V  micrometer. 

Speed,  60  F.P.M.,  or  Ist  or  2d  speed.  « 

Feed,  medium  power  feed,  or  .007"  per  cutter  revolution. 

Lubricant,  lard  oil. 

Time:  for  nut  4  min.,  bolt  5  min.  with  machine  "set  up." 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


I.  Clean  and  oil  machine  and 
index  head. 

XL  Preparatory  adjustments. 
Place  mills  A  on  arbor  without 
key,  to  cut  in  direction  of  rota- 
tion ajs  shown,  with  \\'*  spacing 
collar  between  them  and  clamp 
hard.    Move    index    head    until 


chuck  jaws  are  i"  from  mills 
and  clamp  with  thumb  screws  on 
slide.  Place  latch  G'  in  notch  in 
index  plate  G. 

IIL  Aline  mills  with  chuck.  Aline 
mills  A  with  chuck  J5,  by  a  nut 
mandrel  (equal  in  diameter  to 
space  between  mills)  held  in  chuck. 
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Move  spindle  C  endways  by 
adjusting  nuts  on  front  box  with 
spanner  D,  until  mandrel  moved 
by  wheel  E,  will  pass  between 
mills. 

IV.  Test  spacing  of  mills.  Test 
spacing  of  mills  by  milling  a  trial 
piece,  as  a  piece  of  shaft  clamped 
in  chuck.  Mill  two  sides  and 
measure  with  micrometer,  read- 
ing should  be  .8125"  to  .8155". 
If  measurement  is  not  within  the 
limit,  adjustments  may  be  made, 
as  foUows:  To  mill  larger,  place 
washers  of  thin  metal  or  paper 
of  the  desired  thickness  between 
mills  and  spacing  coUar.  To  mill 
smaller,  square  off  sides  of  spacing 
collar. 

v.   Mill  nut  hexagonaL     Screw 


nut  hard  on  a  milling-machine 
nut  mandrel  held  between  copper 
jaws  in  a  vise.  Place  mandrel  in 
chuck  J5,  with  nut  f"  from  the 
jaws  and  two  sides  of  nut  parallel 
to  mills,  and  clamp  hard.  Start 
machine  and  feed  nut  downward 
slowly  between  mills  by  hand 
wheel  E.  Mill  two  sides,  one  cut. 
Move  work  upward  until  clear  of 
mills.  Withdraw  latch  G',  index 
work  foiur  notches  on  index  plate 
G  by  revolving  with  pilot  wheel 
H,  Mill  remaining  sides  by  the 
same  method. 

VI.  Mill  bolt  head  hexagonal. 
Clamp  bolt  by  its  body  very  hard 
in  chuck  in  the  same  position  as 
the  nut,  and  mill  with  the  same 
setting  and  by  same  process. 


Fig.  32.  —  Indexing  Mechanism. 

Plain  Indexing 

60.  Index  head  and  footstock,  Nos.  6,  7,  Fig.  1,  are  used 
on  plain  or  universal  milling  machines  to  do  all  kinds  of  index 
milling  (see  Spiral  Milling).  The  index  head  spindle,  Fig.  1, 
can  be  clamped  at  any  angle  with  table,  from  5**  below  hori- 
zontal to  10°  beyond  vertical.  The  footstock  center,  Fig.  1, 
can  be  adjusted  at  any  angle  in  vertical  plane. 
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51.  Index  mechanism,  plain  indexing.  —  To  determine  num- 
ber of  turns  or  any  part  of  a  turn  to  revolve  crank  for  eacli 
division,  divide  40  by  number  of  divisions  of  work.  Worm 
gear  A,  Fig.  32,  has  40  teeth,  and  40  turns  of  crank  B  wiU 
rotate  spindle  C  one  revolution.  Where  40  divides  without 
a  remainder,  adjust  index  crank  pin  to  fit  any  hole  in  circle, 
and  turn  crank  twice  for  twenty  divisicxas,  four  times  for  ten 
divisions,  five  times  for  eight  divisions,  etc. 

52.  Use  of  index  plate  for  obtaining  fractional  part  of  revo- 
lution of  crank.  The  index  plate  contains  concentric  rows  of 
equidistant  holes,  as  in  Fig.  33.  The  three  index  plates  sup- 
plied with  head  have  different  numbers  of  holes 


■JUMPIA  MBmwom 


Fig.  33.  —  Index  Plate. 

63.  The  sector,  Fig.  33,  consists  of  two  radial  arms  A,  B, 
that  span  required  number  of  holes,  and  are  clamped  by 
screw  C.  This  saves  counting  the  holes  after  first  time,  and 
eliminates  habiUty  of  error. 

Example  1.  —  To  divide  work  into  15  divisions. 

SolvJbion.  —  f  J  =  2f ,  number  of  turns  to  move  handle. 

Select  index  plate  with  hole  circle  divisible  by  3,  as  in 
Fig.  33  (18-hole  circle),  adjust  crank  to  allow  pin  D  to 
drop  into  a  hole  in  this  circle,  move  arm  A  against  it.  Re- 
lease screw  C  and  move  arm  B  until  it  spans  12  spaces. 
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13  holes  =  I  of  18.  Clamp  screw  C.  Take  first  cut,  with- 
draw index  pin  and  secure  with  slight  turn.  Rotate  crank 
2  turns  and  12  spaces,  and  drop  crank  pin  in  hole  E.  Then 
with  finger,  draw  arm  A  around  until  it  is  against  index  pin, 
when  sector  arms  will  be  in  position  shown  by  dotted  arms 
A\  B\    Take  second  cut. 

Example  2.  —  To  divide  work  into  48  divisions. 

Solution.  —  iJ  =  H- 

Select  plate  with  a  24-hole  circle  set  sector  arms  to  span 
21  holes,  or  20  spaces,  and  move  index  pin  that  amount  for 
each  division,  or  use  an  18-hole  circle  and  15  holes. 

64.  Graduated  sector  permits  arm  to  be  set  to  span  any 
number  of  holes  without  counting  by  data  given  in  table. 

66.  Adjustable  crank  allows  index  pin  to  drop  into  near- 
est hole  to  start  cut  readily  at  a  desired  point  on  work. 

Warning.  —  There  must  be  one  more  hole  between  sector 
arms  than  number  obtained  by  calculation,  or  given  on  index 
table  for  holes  in  indexing  mean  spaces. 

56.  The  index  table  supplied  with  machine  gives  data  for 
plain  and  differential  indexing. 

Differential  Indexing 

67.  Differential  indexing  is  used  to  index  prime,  fractional 
and  other  numbers  not  obtainable  by  plain  indexing. 

68.  Differential  principle,  Figs.  34, 35.  —  The  index  spindle 
is  geared  to  index  plate  with  gears  supplied  for  spiral  mill- 
ing. Indexing  is  done  on  rotating  index  plate  with  mecha- 
nism arranged  for  plain  indexing.  With  gears  at  a  ratio  of  1 
to  1  and  one  idler  to  rotate  index  plate  in  direction  of  index 
crank,  one  division  will  be  subtracted  from  regular  indexing. 
With  two  idlers  to  rotate  index  plate  opposite  to  index  crank, 
one  division  will  be  added. 

59.  To  obtain  ratio  of  gearing,  select  a  number  near  desired 

number  of  divisions,  which  can  be  indexed  by  plain  method. 

The  difference  between  these  two  numbers  will  represent  gear 

-  for  spindle.    Divide  selected  number  by  40  and  quotient  will 
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represent  gear  for  worm.  Multiply  each  by  a  constant  to  give 
available  gears.  If  selected  number  is  larger  than  desired 
number,  gearing  must  rotate  plate  with  crank;  if  smaller, 
opposite  to  crank. 


EXAM^LI 

ARRANGED  FOR  PLAIN  INDCXINQ  240  DIVI8I0NS 

10  HOLE  CIROLE.  3  HOLES 

OEGREAtED  BY  SIMPLE  OCARtNO  TO  233  DIVISIONS 

(NO.  OF  SECTOR  GRADUATION  32) 

FlO.  84.  —  DiFFBBBNTIAL  InDBXINQ  WITH  SoylPLB   GEARINa. 


Example  1.  —  Simple  gearing,   Fig. 
of  divisions  233,  selected  number  240. 


34.     Desired   number 


EXAMPLE 

ARRANGED  FOR  PLAIN  INDEXING  24S  DIVISIONt. 

49  HOLE  CIRCLE.  8  HOLES 

INCREASED  BY  COMPOUND  GEARINO  TO  287  DIVISIONS. 

(NO  OF  SECTOR  GRADUATION  80> 

FlQ.  36.  —  DlFFEBENTIAL  InDBZING  WITH  COMPOUND   GbABING. 
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Solution.  —  240  -  233  =  7.    7X8  =  56  gear  on  spindle. 

240-4-    40  =  6.    6  X  8  «  48  gear  on  wonn» 
One  idler  about  44.  See  To  Calculate  Simple  Gearing,  p.  827. 
Example  2.  —  Compound  gearing,  Fig.  35.    Desired  num- 
ber of  divisions  257,  selected  number  245. 
Solution.  —  257  -  245  =  12.        12X8  _  96 

245^    40  =  6i. 


p  ^    .  96      16X6 

Fadonng.-^^Y^^ 


6iX8 
64X48 


49 


28  X  56 

Gear  on  spindle,  64.    First  gear  on  stud,  48. 
Second  gear  on  stud,  28.    Gear  on  worm,  56. 
One  idler  of  about  24.    See  To  Calculate  Compound  Gear- 
ing^  p.  333. 


CALCULATING  DIAMETER  OF  BLANK  TO  MILL  SQUARE  OR 

HEXAGONAL 

60.  Diameter  to  turn  work  to  mill  or  file  square  is  the 
product  of  diameter  across  the  flats  multiplied  by  1.414. 

Example.  —  Fig.  36.  What  diameter  must  a  piece  be  to 
mill  square  1^^  across  the  flats? 


Solution.  —  1.25(r  X  1.414 
blan]j:. 


1.767^  or  m"  diameter  of 


iW' H 


N Ig--^. 


Fig.  36.  —  Diagram  to  Turn 
Cylinder  to  Mill  Square. 


Fig.   37.  —  Diagram  to  Turn 
Cylinder  to  Mill  Hexagonal. 


61.  Diameter  to  turn  work  to  mill  or  file  hexagonal  is 
the  product  of  the  diameter  across  the  flats  multiplied  by 
1.155. 


Digitized  by  VjOOQIC 


1026 


ADVANCED  MACfflNE  WORK 


Example.  —  Fig.  37.  What  diameter  must  a  piece  be  to 
mill  hexagonal  li^  across  the  flats? 

Solution.  — 1.250"  X  1.155  =  1.444'^  or  Iff  diameter  of 
blank. 

62.  To  mill  bolt  head  hexagonal  with  heading  mills,  uni- 
versal or  plain  milling  machine.    Fig.  38. 


Fig.  38.  —  Millinq  Hbxaqonal  Bolt  Hbad  ob  Nut  with  Hbad- 

INQ  MiLDS. 


Specifications:  i"  bolt  turned  and  threaded,  with  i"  hexagonal  head 
and  nut  to  be  milled  to  {i". 

Machines  and  tools:  Universal  or  plain  milling  machine,  arbor,  in- 
dex head  and  universal  chuck,  two  high-speed  steel  heading  mills,  and 
H"  spacing-collar,  milling-machine  nut  mandrel. 

Speed,  60  F.P.M.,  or  1st  or  2d  speed. 

Feed,  medium  power  feed,  or  .010"  per  cutter  revolution. 

Lubricant,  lard  oil. 

Time:  for  nut  4  min.,  bolt  5  min.  with  machine  ''set  up." 
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SCHEDULE  OF  OPERATIONS,  MACfflNES  AND  TOOLS 


L  Clean  and  oil  machine  in- 
duding  index  head. 

n.  Preparatory  adjustments. 
Place  dean  arbor  in  clean  hole 
in  spindle  and  drive  lightly  with 
lead  hammer.  Place  mills  B  on 
arbor  without  key,  to  cut  in 
direction  of  rotation  as  shown, 
with  If"  spacing  collar  C  between- 
them,  and  clamp  hard.  Oil  end 
of  arbor,  adjust  and  damp  arm. 
Fasten  index  head  on  clean  table. 
Set  index  spindle  and  chuck 
vertical,  as  shown.  Haise  table 
to  bring  chuck  jaws  about  J" 
below  mills. 

m.  Arrange  index  medianism. 
For  rapid  indexing,  place  latch 
in  notch  in  index  plate  with  index 
pin  out.  For  plain  indexing, 
place  index  pin  in  hole  in  39-hole 
circle  in  index  plate  with  latch  out. 

IV.  Aline  mills  with  diuck  by 
nut  mandrd,  as  on  p.  lOao. 


V.  t/BD  tnit  hfoagonal.  Screw 
nut  hard  on  milling-machine  nut 
mandrd  hdd  between  copper  jaws 
in  vise,  place  mandrd  in  chuck 
with  nut  I"  above  jaws  and  two 
sides  of  nut  paralld  to  mills,  and 
clamp  hard.  Start  machine,  feed 
by  hand  and  mill  only  enough  to 
take  measurement.  Move  table 
back  imtil  nut  clears  mill.  Meas- 
ure across  flats  with  1"  microm- 
eter. Reading  should  be  from 
.8125"  to  .8155".  n  reading  is 
not  within  limit,  make  corrections. 
See  p.  1021,  IV.  Index  a  sixth  of 
a  revolution  each  time  and  mill 
remaining  sides.  Use  power  feed 
and  adjust  table  dog  to  trip  feed 
automatically;  or  trip  feed  by 
hand  at  end  of  cut. 

VI.  Mill  bolt  head  hexagonaL 
Clamp  bolt  by  body  in  chuck 
very  hard,  in  same  position  as  nut 
and  mill  same  as  nut. 


AUention. — To  use  rapid  indexing,  see  p.  10l9,  revolve  index  head 
spindle  four  notches  in  24-notch  plate  after  each  cut. 

To  use  plain  indexing,  see  pp.  1021-1023,  adjust  index  crank  pin  to 
fit  a  39-hole  circle;  adjust  sector  to  span  26  spaces  or  27  holes  in  39- 
hole  circle.    After  each  cut,  revolve  crank  six  turns  and  26  spaces. 

Information,  —  To  center  chuck  accuratdy  with  heading  mills, 
move  cross  feed  "out"  then  "in"  to  remove  back  lash.  Mill  one  side 
of  trial  piece  held  in  chuck  with  inside  of  outer  mill,  index  twenty 
turns  and  mill  opposite  side.  Measure  with  micrometer,  then  set 
dial  at  zero  and  move  cross  feed  inward  one-half  the  difference  be- 
tween size  of  trial  piece  and  space  between  cutters.  Example.  Size 
of  trial  piece  |",  space  between  cutters  1|";  i|"  —  f"  =  A"; 
^"  •^  2  =  A"  or  .094"  distance  to  move  cross  feed  inward. 
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63.  To  mill  square  head  with  end  mill.    Fig.  39. 


OOLLET 
END  MIU      I 


Fio.  89.  —  MiLUNQ  Squabb  Head  with  End  Mill. 


Specifications:  1"  reamer  blank,  mill  head  on  shank  f''  square  and 
li"  long. 

Machines  and  tools:  Universal  or  plain  milling  machinei  bolt-head- 
ing machine,  collet,  index  head  and  universal  chuck,  1^''  high-speed 
steel  end  mill,  1''  micrometer,  lead  hammer. 

Speed,  60  F.P.M.,  or  3d  speed. 

Feed,  mediimi  power,  or  .010"  per  cutter  revolution. 

Lubricant,  lard  oil. 

Time:  15  min.  with  machine  "set  up." 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


I.  Clean  and  oil  nyichine  in- 
chsding  index  head. 

n.  Preparatory  adjustments. 
Clean  shank  of  end  mill  and  place 
in  clean  hole  in  collet,  and  place 
clean  collet  in  clean  hole  in  spindle 
and  drive  hghtly  with  lead  ham- 
mer. 

Fasten  index  head  on  clean 
table.  Set  index  spindle  and 
chuck  vertical  as  shown.  Raise 
table  to  bring  chuck  jaws  about 
i"  below  end  miU. 

m.  Arrange  for  indexing,  rapid 
or  plain. 

IV.  To  mill  square  head.  Place 
1"  reamer  or  tap  blank  in  chuck 


with  end  of  shank  }"  above  jaws 
and  clamp  hard. 

Start  machine,  move  work  in- 
ward to  take  cut  about  J"  deep 
and  down  to  line  for  length 
of  square  head.  Feed  by  hand 
against  up-cutting  side  of  end 
mill  as  shown  by  arrows,  and  mill 
one  side. 

Move  table  back  until  work 
clears  mill,  revolve  work  one-half 
revolution  and  mill  opposite  side. 

Stop  machine,  move  table  back 
and  measure  work  with  microm- 
eter, and  from  reading  of  microm- 
eter subtract  the  finish  size  and 
divide    the    remainder    by  two, 
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which  will  give  the  amount  to 
move  work  inward  to  obtain  cor- 
rect measurement.  Example: 
Trial  cut  may  measure  .750", 
finish  measurement  is  .625"  (.750" 
-  .625"  =  .125,"  .125"  -^  2  = 
.0625",  the  amount  to  move  work 
inward). 
Set  cross-feed  dial  at  zero  and 


move  work  inward  .0625."  Mill 
side,  index  and  mill  opposite  side, 
measure  and  make  correction,  if 
necessary.  Mill  remaining  sides 
with  one  cut  each. 

Attention.  —  File  sUght  bevels 
on  edges  of  squared  end  to  re- 
move burr. 


MILLING  ON  CENTERS 


FiQ.  40. — MiLUNQ  End  op  Shaft  Square  LsAvma  Cubved  Shoxtldeb. 

64.  To  mill  end  of  shaft  square  with  curved  shoulder, 
Fig.  40.  —  Set  index  head  at  zero,  clamp  and  set  footstock 
spindle  in  alinement.  Mount  work  A  on  centers,  clamp 
dog  B  to  face  plate  C  with  screw  D.  Arrange  for  indexing, 
mount  end  mill  E  in  collet  and  set  dog  to  trip  feed  at  F. 
Take  trial  cuts  on  opposite  sides  and  measure  with  micrometer. 
Set  vertical  feed  dial  at  zero,  move  work  away  from  mill 
and  elevate  work  by  vertical  feed  shaft  one-half  its  oversize. 
Mill  sides  in  order  with  one  cut  each. 

66.  Steady  rest  to  support  slender  work,  A,  Fig.  41.  —  To 
mill  the  grooves  in  rose  reamer,  use  convex  cutter  B  and  a 
special  angular  cutter  for  teeth  at  end. 

66.  To  flute  or  groove  small  reamers,  taps,  drills,  etc., 
hold  work  in  chuck  and  support  outer  end  by  steady  rest  with 
a  V-grooved  head  elevating  screw. 
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Fig.  41. —  Sufportino  Slendsb  Work,  Flutino  Rose  Rbameb, 
WITH  Steady  Rest. 

67.  To  mill  a  number  of  nuts  at  once,  string  on  a  gang 
mandrel  and  clamp  between  shoulder  and  nut.  Mount 
mandrel  on  centers  and  mill  nuts  similarly  to  miUing  square 
end  of  a  shaft  as  in  Fig.  40.    Use  end,  plain,  or  heading  mills. 


Fig.  42.  —  Milling  Kbyway  in  Shaft  with  Center-Cut  End 
Mill  or  Cotier  Mill. 

68.  To  mill  keyway  or  slot  in  shaft  with  center-cut  end 
mill,  Fig.  42. — Aline  index  centers  and  cone  spindle  by  zero 
lines  on  knee  and  column.    Mount  one  end  of  shaft  A  in 
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chuck  and  the  other  end  on  footstock  center.  Mill  keyway 
with  center-cut  end  mill  B.  If  cotter  mill  C  is  used,  drill  a 
hole  in  shaft  in  which  to  start  mill. 


GROOVING  TAPS 

69.  To  groove  or  flute  taps,  reamers,  cutters,  etc.  —  Taps, 
reamers,  cutters,  etc.,  are  grooved  or  fluted  by  milling,  to 
provide  cutting  edges  and  places  to  receive  and  discharge 
chips.  There  are  no  standards  for  depth  of  groove,  width 
of  land,  or  number  of  grooves. 

70.  Taps,  number  of  grooves,  rake  of  teeth.  Figs.  43,  44. 
-rFour  grooves  are  given  taps  up  to  3''  in  diameter,  and  five 
or  more  for  larger  diameters.  Hobs  for  tapping  threading 
dies  are  usually  given  from  six  to  eight  grooves. 


Fig.  43.  —  Tap  Grooved  with  Fig.    44.  —  Commercial    Tap 

Special  Dqublb-Anglb  Tap  Grooved  with  Convex  Cut- 

CuTTEB,  Radial  Teeth.  ter. 


For  tapping  all  kinds  of  metal,  the  two  forms  of  grooves 
in  Figs.  43,  44  are  largely  used,  and  each  cutter  is  suitable 
for  several  diameters  of  taps.  The  teeth  of  special  taps  for 
brass  are  often  given  a  negative  rake  (to  prevent  chattering) 
by  the  shape  of  the  grooves,  or  by  grinding  the  face  of  the 
teeth. 

To  give  parallel  lands  on  plug  or  bottoming  taps,  set  index 
centers  in  aUnement;  but  on  taper  taps,  lower  index  head 
slightly  to  give  parallel  or  slightly  taper  lands. 
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71.  To   groove   a    tap.     Direct   method.     Double-angle 
formed  ti^  cutter. — Figs.  45,  46. 


rt>ot 


Fia.  45.  —  Grooving  Tap. 


Specifications:  }"  X  10  U.S.S.  taper  tap  blank  threaded,  and  with 
end  of  shank  milled  square.    Four  grooves. 

Bfachines  and  tools:  Universal  or  plain  milling  machine,  arbor,  in- 
dex head  and  centers,  No.  5  highnspeed  steel  double-angle  tap  cutter, 
clamp  dog  or  special  driver. 

Speed,  60  F.P.M.,  or  Ist  or  2d  speed. 

Feed,  medium  power  feed,  or  .007"  per  cutter  revolution. 

Lubricant,  lard  oil. 

Time:  32  min.  with  machine  ''set  up." 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


L  Clean  and  oil  machine  and 
index  head. 

n.  Preparatory  adjustments. 
Insert  clean  arbor  in  clean  hole 
in  spindle.  Drive  arbor  lightly 
with  lead  hammer.  Place  cutter 
on  arbor  without  key  and  clamp 
hard.  Oil  end  of  arbor  and  adjust 
arm  to  bearing.  Fasten  index 
head  and  f  ootstock  on  clean  table. 
Set  centers  in  horizontal  aline- 


ment,  then  lower  index  head  one- 
third  degree  to  give  slightly  taper 
lands. 

IIL  Arrange  for  indexing,  n^d 
or  plain. 

IV.  Mount  tap  blank  on  cen- 
ters. Fasten  clamp  dog  or  spe- 
cial driver  on  tap,  oil  dead  center 
and  mount  on  centers.  Clamp 
tail  of  dog  in  face  plate  to  avoid 
backlash.    With  index  latch  in 
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notch  or  index  pin  in  hole,  lightly 
drive  face  plate  or  driver  with  lead 
hammer  imtil  side  of  square  end 
of  tap  is  perpendicular  to  table, 
testing  with  square  resting  on 
table.  Start  machine  and  power 
feed  and  adjust  table  dog  to  stop 
feed  automatically  when  center 
of  cutter  has^ia^ed  last  thread 
on  tap,  see  p.  10l4. 

V.  To  obtain  depth  of  setting. 
Raise  knee  until  highest  part  of 
tap  blank  touches  largest  diameter 
of  revolving  cutter. 

A  piece  of  white  jiaper  held  be- 
tween revolving  cutter  and  tap 
blank  will  indicate  touch.  Then 
set  vertical  feed  dial  at  zero. 

VL  To  obtain  side  setting.  Move 
cross  feed  until  outside  of  tap 
and  outside  of  cutter  are  in  same 
Vertical  plane,  testing  by  sqxiare 
resting  on  table.  Then  set  cross- 
feed  dial  at  zero. 

Vn.  Move  both  feeds  required 
amount  With  long-feed  handle, 
move  tap  away  from  cutter  and 
with  cross-feed  handle  move  tap 


outward  .150,"  see  A,  Hg.  46. 
Then  with  vertical  feed  raise  tap 
.175,"  see  B,  Fig.  46.  Use  rapid 
method  of  indexing  and  mill 
four  grooves,  one  cut  for  each 
groove. 


Fig.  46.  —  Diagram  fob  Setting 
Double-Angus  Tap  Cutteb. 

AUerdion,  —  Data  may  be  ob- 
tained for  grooving  taps  of  all 
diameters  by  the  direct  method 
by  taking  experimental  cuts  on 
trial  blanks. 


72.  To  groove  tap,  trial  method.  —  Set 
cutter  approximately  central  to  footstock 
center.  Use  trial  blank  and  take  short  light 
cut.  Then  index  quarter  turn  and  take 
similar  cut  and  measure  land.  Raise  knee 
a  small  amount  and  repeat  imtil  land  is 
proper  width.  Remove  trial  blank.  Move 
cross  feed  and  with  rule  set  small  angle  of 
cutter  in  alinement  with  center,  as  in  Fig. 
47,  that  is  radial  or  slightly  ahead  of  radial, 
if  desired. 


Fig.  47.  —  Setting 
Double -Angle 
CuTTEBS  to  Mill 
Radial  Teeth. 
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FLUTING  REAMERS 

73.  Fluting  reamers.  —  For  reaming  all  kinds  of  metal, 
use  the  form  of  flute  in  Fig.  48,  which  gives  radial  cutting 
edges.    Each  cutter  may  be  used  for  several  diameters. 

The  cutting  edges  of  brass  reamers  are  often  made  to  recede 
from  a  radial  Une  giving  a  negative  rake  from  5**  to  10^, 
Fig.  49. 


Fig.  48.  —  Form  op  Flutb  in 
Reameb  fob  General  Work. 
Teeth  Radial.  Irregularly 
Spaced. 


Fig.  49.  —  Form  op  FLtrrs  in 
Reaicer  for  Brass.  Teeth 
with  Negativb  Rake,  Irrbg- 
tJLARLY  Spaced. 


Space  the  reamer  irregularly  to  avoid  chattering,  with  an 
even  number  of  teeth  and  with  opposite  cutting  edges  in  the 
same  diameter  so  that  it  can  be  measured  with  micrometer. 
The  irregularity,  1**  to  4**  from  equal  spacing,  is  obtained  by 
subtracting  or  adding  a  predetermined  number  of  holes  to  or 
from  the  regular  indexing  for  each  pair  of  flutes  diametrically 
opposite. 

74.  Principle  of  indexing  and  fluting  a  V  hand  reamer  to 
avoid  chattering. — The  teeth  are  spaced  two  holes  in  the 
20-hole  circle  progressively  wider,  and  to  obtain  lands  of  uni- 
form width  the  flutes  are  milled  .007"  progressively  deeper 
from  1  to  5  and  from  1'  to  5'. 
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75.  To  flute  hand  reamer,  Fig.  50. 

Specifications:  1"  hand 
reamer  blank  with  end  of 
shank  milled  square.  Ten 
flutes.    See  Fig.  48. 

Machines  and  tools: 
Universal  or  plain  milling 
machine,  arbor,  index 
head  and  centers,  high- 
speed steel  special  formed 
reamer  cutter,  clamp  dog 
or  special  driver. 

Speed,  60  F.P.M.,  1st 
or  2d  speed. 

Feed,  mediiun  power 
feed,  or  .007"  per  cutter 
revolution. 

Lubricant,  lard  oil. 

Time:  50  min.  with 
machine  "set  up". 


Fig.  60.  —  FLtmNO  Hand  Reamer. 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


L  Clean  and  oil  machine  and 
index  head. 

XL  Preparatory  adjustments. 
Insert  clean  arbor  in  clean  spindle. 
Drive  arbor  lightly  with  lead  ham- 
mer. Place  cutter  on  arbor  with- 
out key  and  clamp  hard. 

Oil  end  of  arbor  and  adjust 
arm  to  bearing.  Fasten  index 
head  and  f  ootstock  on  clean  table. 
Set  centers  in  horizontal  ahne- 
ment. 

m.  Arrange  for  plain  indexing 
zo  teeth  with  a  20-hole  circle. 

IV.  Mount  reamer  blank  or 
trial  blank  on  centers.  Fasten 
clamp  dog  or  special  driver  on 
square  end  of  reamer  blank,  oil 
dead  center  and  moimt  reamer 
blank  (or  trial  blank)  on  centers, 


see  Fig.  50.  To  avoid  back- 
lash, clamp  tail  of  dog  in  face 
plate  with  set  screw. 

Start  machine  and  power  feed 
and  adjust  table  dog  to  stop  the 
feed  automatically  when  the  cen- 
ter of  the  cutter  has  reached  the 
comer  of  the  blank.    See  p.  10l4. 


FiQ.  51.  —  Diagram  of  Reameb 
Showing  Pbinciple  of  Irregu- 
lar Spacing. 
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V.  To  obtain  width  of  land  with 
trial  blank.  It  is  safer  to  ob- 
tain width  of  land  and  setting 
of  cutter  with  a  trial  blank  the 
same  diameter  as  reamer  blank. 
Set  cutter  approximately  central 
with  footstock  center,  and  mill 
two  flutes  to  give  desired  width  of 
land  as  follows: 

Raise  table  and  take  a  light 
short  cut  in  1,  Fig.  51.  Move 
work  clear  of  cutter,  then  index 
three  turns  and  eighteen  holes. 
Raise  .007"  and  take  a  cut  in  2. 
Repeat  cuts  in  1  and  2  imtil  land 
is  ^"  wide,  keeping  flute  2,  .007" 
deeper  than  1. 

VI.  Set  cutter  radial.  Remove 
trial  blank.  Move  cross  feed  and 
with  rule  set  angle  of  cutter  in 
alinement  with  center  (that  is 
radial),  see  Fig.  47,  or  set  cutter 
ahead  of  radial,  if  it  is  desired  to 
have  face  of  teeth  ahead  of  radial. 


Or  set  cutter  to  give  a  negative 
tooth  if  it  is  desired  to  have  teeth 
with  negative  rake  for  brass. 

Vn.  Mill  flutes.  Mount  reamer 
blank  on  centers,  and  mill  flutes 
as  follows:  Begin  at  1  with  cutter 
set  at  depth  of  1,  with  ver- 
tical dial  set  at  zero  and  mill 
flute  1.  Index  twenty  turns  and 
mill  flute  1'.  Raise  to  .007", 
index  three  turns  and  eighteen 
holes  and  mill  flute  2/ 

Index  twenty  turns  and  mill 
flute  2.  Raise  to  .014,"  index  four 
turns  and  mill  flute  3.  Index 
twenty  turns  and  mill  flute  3.' 
Raise  to  .021,"  index  four  turns 
and  two  holes  and  mill  flute  4.' 
Index  twenty  turns  and  nnill 
flute  4.  Raise  to  .028,"  index 
four  turns  and  four  holes  and 
mill  flute  5. 

Index  twenty  turns  and  mill 
flute  5'. 


Fig.  62.  —  Milling  Teeth  op 
Plain  Milling  Cutter. 


76.  Electric  alarm  to  call 
operator  when  feed  stops  and 
terminates  cut,  may  be  ar- 
ranged, as  at  il,  jB,  Fig.  60. 
Metal  cap  A,  insulated  with 
fiber  or  vulcanite,  is  placed  on 
feed  trip  B.  One  wire  is  at- 
tached to  cap  and  runs  to 
battery  in  column.  The  other 
wire  connects  machine,  bell 
and  battery.  When  table  dog 
C,  strikes  cap  A,  the  bell 
rings. 


MILLING  TEETH  OF  MILLING  CUTTER 
77.  To  mill  teeth  of  plain  milling  cutter,  Fig.  52. 
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Spedfications:  2i"  X  i''  plain  milling  cutter  blank,  carbon  or  high- 
speed steel  turned  and  squared,  18  teeth,  width  of  land  ^'\  See 
pp.  1224,  1225. 

Ifachines  and  tools:  Universal  or  plain  milling  machine,  arbor,  70^ 
angular  highrspeed  steel  cutter,  index  head  and  centers,  mandrel, 
dog  or  special  driver. 

Speed,  60  F.P.M.,  or  1st  or  2d  speed. 

Feed,  medium  power  feed,  or  .007''  per  cutter  revolution. 

Lubricant,  lard  oil. 

Time:  30  min.  with  machine  "set  up.'' 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  T00I5 


I.  Clean  and  oil  machine  and 
index  head. 

n.  Preparatory  adjustments. 
Insert  clean  arbor  in  clean  hole 
in  spindle.  Drive  arbor  lightly 
with  lead  hammer.  Place  cutter 
on  arbor  without  key  and  clamp 
hard.  Oil  end  of  arbor  and  adjust 
arm  to  bearing. 

Fasten  index  head  and  foot- 
stock  on  clean  table.  Set  centers 
in  horizontal  alinement. 

m.  Arrange  plain  indexing  for 
18  teeth. 


roor 

•TOOK 
MMTUI 

FiG.  63. — Alining  Cbntee  to 
Angulab  Ctjttbe  to  Obtain 
Radial  Teeth. 


IV.  Aline  catter  and  center.  Set 
cutter  radial,  as  shown  in  Fig.  53. 

V.  Mount  work  on  centers. 
Force  mandrel  into  cutter  blank 
(or  use  gang  mandrel),  fasten 
dog  on  mandrel,  oil  dead  center 
and  mount  on  centers.  To  avoid 
backlash)  damp  tail  of  dog  in 
face  plate  with  set  screw.  Start 
machine  and  power  feed,  and 
adjust  table  dog  to  stop  feed  auto- 
matically when  center  of  cut- 
ter has  passed  the  comer  of 
blank. 

VI.  Obtain  width  of  land  by  trial 
cuts  in  two  grooves.  Raise  table 
and  take  a  light  trial  cut  less 
than  required  depth  with  power 
feed.  Index  cutter  blank  forward 
for  the  next  tooth  and  take  simi- 
lar cut.  Then  raise  table  and 
take  trial  cuts  in  second  groove 
until  desired  width  of  land  (^V") 
is  obtained. 

Vn.  Mill  teeth.  Index  and  mill 
all  teeth  with  one  cut  each.    ' 


78.  To  mill  teeth  of  angular  cutter,  Fig.  54.  —  Mount 
angular  cutter  A,  on  milling  machine  arbor  B.  Mount 
angular  cutter  blank  C,  on  stub  arbor  D,  which  fits  the  index 


Digitized  by  VjOOQ IC 


1038 


ADVANCED  MACHINE  WORK 


head  spindle.  Raise  index  head  spindle  to  approximate 
angle  and  take  trial  cuts  and  adjust  angle  to  obtain  parallel 
lands.    Then  raise  table  to  obtain  desired  width  of  land. 


Fig.  64.  — Millinq  Teeth  in  an  Angular  Cuttbe. 
IPLAIN  MILUNOMAOHINIl 


Fig.  55.  —  Milling  Radial  Teeth  of  Side  Milling  Cxtttbb. 
Indexing  from  Teeth. 

79.  To  mill  radial  teeth  in  side  milling  cutteti  Fig.  55.  — 
Mill  face  teeth  of  the  side  milling  cutter  A,  in  the  same  manner 
as  a  plain  mill,  with  small  angular  cutter  B,  on  arbor  C. 
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Set  special  index  head  D  vertically,  then  adjust  to  give  teeth 
with  parallel  lands.  Index  the  cutter  by  the  face  teeth  with 
latch  at  E. 

80.  To  level  or  set  taper  work  with  surface  gage,  as  the 
taper  tap  or  reamer  ^^^ 
blank  A,  Fig.  56, 
mount  on  centers  and 
test  with  surface  gage 
J5.  Cut  deeper  at  one 
end,  as  shown  by  dot- 
ted line  CD,  so  that 
lands  will  be  parallel 
or  nearly  so.  Adjust 
scriber  to  touch  work 
at  E,  and  insert  metal     ^«-  56.  — Leveling  Taper  Work  with 

,    .       XL'  1  Surface  Gaqe. 

piece   equal   in   thick- 
ness to  difference  in  depth  of  cut  at  F.    Adjust  work  by 
raising  dead  center  or  lowering  index  head. 


Fig.  57.  —  Miluno  Taper  Work.     Special  Milling  Machine 
Dog  and  Driver. 

81.  Special  milling  machine  dogs  for  taper  work.  —  A  regur 
lar  dog  will  spring  taper  work  unless  the  screw  confining. the 
tail  is  released  before  rotating  work. 

Figs.  56,  57,  show  two  types  of  special  milling  macbin^ 
dogs  which  give  desired  motion  and  avoid  springing  work, 
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To  divide  taper  work  exactly,  the  axis  of  index  bead, 
spindle  and  axis  of  dead  center  must  be  in  alinement.  Tbe 
footstock  center  on  some  machines  can  be  adjusted  to  obtain 
this  alinement.  Taper  attachments  are  obtainable  provided 
with  index  centers  arranged  so  that  axes  of  centers  are  always 
in  alinement. 

82.  To  graduate  with  a  milling  machine.  —  In  the  absence 
of  a  dividing  engine  and  diamond  cutter,  or  a  sharp-edge 
wheel  which  will  make  a  smooth  line  by  pressure,  use  an  index 
head  and  cutter  as  in  Fig.  58  to  graduate  dials,  disks  and  simi- 
lar work.  .  Block  the  spindle  and  feed  work  to  cutter  by  hand 
Rules  and  scales  may  be  clamped  to  table  and  graduated  in 
this  manner. 


FiQ.  58.— Graduating  a  Dial. 


CIRCULAR  MILLING 


83.  Circular  milling. — To  mill  end  of  rectangular  piece 
with  end  mill,  Fig.  59,  secure  work  on  nut  mandrel  and 
hold  in  chuck.  Feed  work  to  cut  by  rotating  crank.  To 
mill  a  portion  of  the  circumference  of  a  piece,  as  in  Fig.  60, 
use  raising  block,  set  index  head  at  right  angles  to  table  and 
feed  work  to  cut  by  crank.  In  Fig.  61  is  shown  how  a  cam 
cutting  attachment  may  be  used  to  mill  a  bevel  gear  blank. 
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Fig.  59.  —  Milling  End  op  Work  Cibcxtlab. 


FlQ.  60.  —  MlLUNO  CiRCUMFERBNCB  OF  WOBK. 


Fig.  61.  —  Cibcular  Milling. 
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84.  Tee  slots  are  milled  more  rapidly  than  planed.  To 
mill  Tee  slots,  in  circular  table,  Fig.  62,  first  mill  portion  A 
with  an  end  mill  and  then  portion  BB'  with  a  Tee-slot  cutter. 


Fig.  62.  —  MnjJNO  Teb  Slots  in  a  Circular  Table. 


PLAIN  MILUNa  MAdHINI 


FiQ.  63.  —  Multiple  Moiling.    Millinq  Two  Slots  at  One 
Operation. 


To  mill  Tee  slots  in  heavy  work  such  as  milling-machine  table. 
Fig.  63,  first  mill  portion  A  with  a  side-milling  cutter,  then 
mill  portion  J5S'  with  a  Tee-slot  cutter.  Use  a  vertical  at- 
tachment, or  clamp  work  flat  on  table  and  mill. 
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VERTICAL  MILLING 

86.  A  vertical  milling  machine  has  advantages  over  the 
horizontal  particularly  on  work  that  can  be  milled  with  end 
mills.    Fig.  64,  shows  an  inserted  rake-tooth  face  mill  A, 


HIGH  SPEED  STEEL 

INSERTED  TOOTH 

FACE  MILL 

A 


Fio.  64.  —  Vertical  Milunq  Machine.    Face  Milunq. 

milling  a  plain  surface  on  work  B  in  a  vertical  milling  ma- 
chine.   The  work  is  held  in  a  vise. 

86.  Vertical  and  circular  milling  attachments.  —  Circles, 
circular  slots  and  segments  of  circles  may  be  milled  by  con- 
verting a  horizontal  milUng  machine  into  a  vertical  milling 
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machine  by  vertical  attachment  as  in  Fig.  65.  The  work  is 
held  and  operated  by  fixture  and  circular  milling  attachment. 
Vertical  spindle  A  operates  end  mill  B  to  mill  a  segment  of  a 


Fig.  06.  —  Milling  Machinb  with  Vertical  and  Cibculab 
Attachments. 


CmCULAH  fyflLLmG 
ATTACHMENT 

B 


Fig.  66.  —  Bevel  Cibcular  Milling  with  Vertical  Milling 
Machine. 

circle  on  work  C,  held  by  fixture  D  bolted  to  circular  attach- 
ment.   The  feed  is  obtained  by  rotating  circular  table  by 
hand  or  power. 
See  Inspection  of  a  Vertical  MilUng  Machine,  p.  1414. 
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87.  Bevel  circular  milling.  —  To  mill  work  A,  Fig.  66, 
(rotary  cone  of  a  circular  attachment)  bolt  to  table  of  circular 
attachment  B  and  mill  bevel  with  angular  mill  C. 

88.  MiUing  an  inside  boss,  Fig.  67.  —  Hold  swinging  arm  A 
(casting)  in  vise.    Mill  edge  B,  set  stop  C  and  feed  mill  down 


Fig.  67.  —  Milling  an  Inbidb  Boss.    Vertical  Milling  Machine. 


Fig.  68.  —  Milung  Ends  of  Sliding  Heads  with  a  Vertical 
Milling  Machine. 

until  stop  strikes,  then  mill  inside  boss  DD',  operating  both 
cross  and  long,  table  feed  by  hand. 

89.  Milling  ends  of  sliding  heads.  Fig.  68.  —  Two  sliding 
head  castings  A,  A  are  bolted  to  fixture  clamped  to  table  and 
the  ends  of  boxes  are  milled  with  side  of  end  mill  B  with 
power  feed. 
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PROFILING 

90.  Profiling  machineSy  Fig.  69. —Mill  work  to  irregular 
shapes  by  means  of  profiling  forms. 

In  Fig.  69  work  A  is  clamped  to  fixture  B  and  face  C  is 
milled  with  cutter  D  while  form  pin  E  is  kept  in  contact  with 
profiling  form  F  by  moving  table  G  with  long.-  and  cross-feed 
handles  together  by  hand.    See  plan  at  A\  C,  D\  E'  and  F\ 


HEAD 


PBOFIMHO 
-^  MAG  N 114 1 


WUKK  fUKM 


FiQ.  69.  —  Profiling.    Milling  Irregular  Shapes. 

91.  To  make  profiling  formy  Fig.  69.  — Templet  H  is  made 
and  clamped  in  position  of  work  A,  and  the  form  blank  in 
its  position  F  on  fixture.  Straight  form  pin  E  is  fastened 
in  block  J  and  held  in  contact  with  templet^  and  a  taper 
cutter  in  spindle  generates  form  F,  The  taper  form  and  taper 
pin  allow  for  reduction  in  diameter  of  cutter  by  grinding,  by 
raising  pin  to  allow  cutter  to  resume  its  previous  relation  to 
work. 

Rake  Tooth  Milling  Cutters 

92.  Coarse  tooth  milling  cutters  give  wide  space  between 
the  teeth  for  chips,  and  are  adapted  to  the  heavier  classes  of 
milling. 
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93.  Rake  tooth  spiral  milling  cutter  with  coarse  teeth. — 
Fig.  70  shows  an  improved  spiral  milling  cutter  A.  The  teeth 
are  undercut  giving  about  10^  rake,  as  at  B,  and  also  spiral 
giving  an  effective  shearing  angle.  Each  tooth  has  a  true  cut- 
ting action  like  a  lathe  tool. 


KAKC  TOOTH 

MflLLINO  CurTER 

tTECL 

A 


—  ARM  BHACE 


Fig.  70. — Raks  Tooth  Spiral  Milung  Cutter  Millinq  Steel. 
Heavy  Work. 

94.  Helical  tooth  milling  cutter  A^  Fig.  71,  is  a  shear  type 
of  cutter  made  with  two  or  three  teeth  in  the  form  of  a  screw 
thread,  either  singly  or  interlocking  right  and  left  cutters,  as 
atJ5. 

The  teeth  are  ground  on  the  front  and  on  the  top  and  have 
a  rake  of  8°  to  15**  and  a  clearance  of  5**  to  7^.  When  mill- 
ing  steel  it  removes  a  gimlet-shaped  chip  in  the  direction  of 
the  axis  of  the  cutter,  consumes  less  power  than  the  ordinary 
cutter,  does  not  spring  the  arbor  and  largely  eliminates  chat- 
tering. 

It  is  adapted  to  mill  broad  steel  surfaces  accurately,  smoothly, 
and  rapidly,  and  is  particularly  useful  for  milling  thin  castings 
that  are  likely  to  chatter.    See  Shear  Planer  Tool,  p.  908. 

96.  Thread  miller  (gear  headstock,  cone  drive),  Fig.  72, 
is  used  for  milling  right  and  left  straight  and  tapered  threads, 
Enghsh  or  Metric  system,  on  taps,  hobs,  worms,  precision  screws 
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and  spiral  gears.    It  is  also  used  for  milling  oil  grooves  and 
splines  in  shafting. 


HtUCAc 

MfULlNCl  CUTTER 

1  TEETH 

HIGH  SPEED 

STEEL    *= 

A 


Fig.  71. — Milunq  Stebl. 

96.  To  mill  a  thread  with  a  thread  miller,  Fig.  72.  —  Mount 
screw  blank  A  on  center  or,  preferably,  hold  one  end  in  a  collet 
and  the  other  end  on  dead  center.  Fasten  cutter  on  arbor  of 
cutter  head  B  and  tilt  arbor  to  the  proper  angle  for  lead  of  thread 
as  shown  at  A'  and  J5'.  Arrange  the  change  gears  for  the  pitch 
of  the  screw.  Move  cutter  forward  by  cross  slide  until  a  tooth 
of  the  cutter  touches  the  blank,  and  set  micrometer  head  on 
cross  screw  at  zero.  Move  carriage  until  cutter  clears  end  of 
blank,  and  move  cutter  to  required  depth  of  thread  with  mi- 
crometer cross-slide  screw.  Set  knock-oflf  feed  at  desired  point. 
Arrange  speed.  Start  machine.  Lubricate  cutter  freely,  and 
miU  thread  with  one  cut,  automatically.  An  index  and  tables 
are  furnished  with  each  tjrpe  of  machine  giving  the  change  gears 
for  single  or  multiple  threads,  the  angles  for  setting  cutter  head, 
and  the  depths  for  setting  the  cutters. 

97.  Collets.  —  It  is  best  to  hold  the  screw  blank  with  a  collet 
instead  of  on  centers.  One  end  of  the  screw  blank  is  held  firmly 
in  a  collet  in  the  headstock  spindle  and  the  other  end  is  held  on 
the  footstock  centers  if  the  work  is  long  and  slender  and  needs 
support. 
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FiQ,  72.  —  MiLUNO  Thread  with  Automatic  Thread  Milunq 
Machine. 

98.  To  mill  multiple  threads,  notched  index  rings  are  used 
for  indexing  the  different  cuts. 

99.  To  mill  internal  threads,  special  thread  milling  cutters 
iire  obtainable. 

100.  To  sharpen  thread  milling  cutters,  an  automatic 
grinder  is  used. 

101.  Follow-rests.  —  To  cut  screws  of  small  diameter 
which  wpuld  be  likely  to  spring  away  from  the  cut,  follow-rests, 
with  interchangeable  bushings  for  various  diameters  of  screw 
blanks,  are  furnished. 
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SECTION  11 

GEAR  CUTTING 

Spur  Gearing:  Formolas  in  Spur  Gearing,  Cutting  Spur  Gears,  Generating 
Spur  Gears,  Cutting  Internal  Gears,  Cutting  Racks.   Spiral  Gearing: 
Formulas  in  Spiral  Gearing,  Cutting  Spiral  Gears.    Worm  Gear- 
ing: Formulas  in  Worm  Gearing,  Cutting  Worm  Gears,  Tliread- 
ing  Worms.    Hobbing  Gears.    Beyel  Gearing:  Formulas 
in  Beyel  Gearing,  Cutting  Beyel  Gears,  Planing 
Beyel  Gears.  Testing  Gears.  Beyel  Pro- 
tractor.   Compotmd  Rest 

SPUR  GEARING 
1.   Spur  gears  are  used  for  transmitting  positive  and  uniform 
rotary  motion  from  one  shaft  to  another  shaft  which  is  parallel 
to  the  first. 


STOCKINQ  OR 
ROUONINO 
CUTTCR 


Fig.  1.  —  Invohjtb      Fig.  2.  —  Involute  Gear     Fig.  3.  —  Roughing 
Gear  Cuttee.  and  Pinion.    Ratio  If         or  Stocking  Step- 

to  1.  ped  Gear  Cutter. 

2.  Systems  of  gearing.  —  There  are  two  systems  of  gearing: 
The  involute  or  single  curve  form  of  tooth,  as  shown  in  Fig.  2, 
and  the  epicycloidal  (cycloidal)  or  double  curve  form  of  tooth. 
The  epicycloidal  form  of  tooth  requires  an  exact  center  distance, 
but  with  the  involute  form  of  tooth,  the  center  distance  can  be 
varied  slightly  without  afifecting  the  running  of  the  gears. 

lloi 
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The  involute  form  has  replaced  the  epicycloidal  to  such  an 
extent  that  the  latter  is  now  rarely  used. 

3.  Processes  of  catting  gears.  —  At  A,  B,  Cy  D,  and  E, 
Fig.  4,  are  shown  the  different  processes  used  in  cutting  gears. 

Cutting  a  spur,  bevel,  or  spiral  gear  with  a  formed  tnilling 
cutter  is  shown  at  A ;  generating  a  spur,  spiral,  or  worm  gear 


¥iQ.  4. 


B  C 

-Principal  Pbocesses  of  CumNQ  Grabs. 


with  a  hob  in  a  bobbing  machine,  at  B;  generating  a  spur  gear 
in  a  gear  shaper,  at  C;  generating  a  bevel  or  spur  gear  with  a 
single  tool  in  an  automatic  generating  bevel-gear  shaper,  at  D; 
and  planing  a  bevel  or  spur  gear  with  two  tools  in  an  automatic 
generating  bevel-gear  planer,  at  E. 

Beside  these  principal  processes,  small  internal  gears  can  be 
broached.  See  p.  643.  Cluster  gears  are  often  cut  in  a  gear 
shaper  or  slotter;  thin  gears  are  stamped  out  of  sheet  metal  on 
presses;  and  small  gears,  for  light  transmission,  are  often  die- 
cast. 

Attention.  —  Gears  may  be  cut  in  milling  machines;  but,  if 
required  in  quantities,  they  should  be  cut  with  automatic  ma- 
chines. 

Information.  —  Spur  gears  may  be  cut  over-size  in  standard 
gear-cutting  machines,  heat  treated,  and  then  finish  groimd  to 
size  in  special  machines.  Cast  gears  are  finish  ground  in  the 
same  maimer. 

4.  Formed  gear  cutters  in  standard  diametral  and  circular 
pitches  are  obtainable.  One  cutter  will  answer  for  several  num- 
bers of  teeth  of  same  pitch  without  producing  any  material  error. 
Any  gear  will  mesh  into  and  run  properly  with  any  other  gear 
or  rack  of  the  same  pitch. 

I      Warning.  —  Gear  cutters  should  be  kept  sharp.    A  dull  cutter 
will  quickly  destroy  itself.    See  pp.  823,  824. 
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6.  Fly  cuttersi  as  on  p.  1007,  may  be  "  home-made 
used  for  a  special  job  of  bobbing  and  gear  cutting. 

6.  Cutters  for  the  two  systems  of  gearing.  —  In  the  tV 
volute  system,  8  cutters  are  required  to  cut  all  gears  of  any  given 
pitch  from  a  pinion  gear  of  12  teeth  to  a  rack,  and  are  numbered 
from  1  to  8.  Cutters  are  obtainable  in  half-numbers  for  a  more 
accurate  form  of  tooth.  Special  cutters  may  be  ordered  for 
escact  numbers  of  teeth.  The  epicycUndal  system  requires  24 
cutters  lettered  from  AtoX. 

7.  Involute  cutters. 


No. 

ON 
CUT- 
TBB. 

NUMBBB 
OF 

Tbbth. 

No. 

ON 
CUT- 
TBR* 

NCMBBR 
OF 

Tbbth. 

No. 

ON 
TBR. 

NUMBBR 
OF 

Tbbth. 

No. 

ON 

tbr. 

Numbbb 

OF 

1 

n 

2 
2J 

135  to  rack 
80  to  134 
55  to  134 
42  to  54 

3 

3i 

4 

4i 

35  to  54 
30  to  34 
26  to  34 
23  to  25 

5 
5i 
6 
61 

21  to  25 
19  to  20 
17  to  20 
15  to  16 

7 
7i 

8 

14  to  16 

13 

12  to  13 

Attention.  —  Involute  cutters  are  obtainable  for  circular 
pitch  and  for  Metric  gears. 

EoccepHon.  —  Involute  cutters  are  made  with  shoulder  for 
cutting  small  brass  gears.  They  are  known  as  '^ topping" 
cutters  and  have  no  clearance. 

8.  Epicycloidal  cutters. 


Lbt- 

Lbt- 

Let- 

Let- 

tbb 

Nuif-' 

TBR 

NUMBBR 

ter 

Number 

ter 

Number 

ON 

BBS  OF 

ON 

OF 

ON 

OF 

ON 

or  Teeth. 

CUT- 

Tbbth. 

Cut- 

Tbbth. 

Cut- 

Tbbth. 

Cut- 

TBR. 

ter. 

ter. 

ter. 

A 

12 

G 

18 

M 

27  to  29 

S 

60  to  74 

B 

13 

H 

19 

N 

30  to  33 

T 

75  to  99 

C 

14 

I 

20 

O 

34  to  37 

U 

100  to  149 

D 

15 

J 

21  to  22 

P 

38  to  42 

V 

150to249» 

E 

16 

K 

23  to  24 

Q 

43  to  49 

w 

250  or  more 

F 

17 

L 

25  to  26 

R 

50  to  59 

X 

Rack 

Note.  —  Duplex  or  gang  gear  cutters  to  cut  two  or  more  teeth 
at  once  are  obtainable. 

Informalion.  —  Epicycloidal  gears  must  be  cut  accurately  to 
depth  so  that  pitch  lines  will  comcide.  Epicycloidal  cutters  are 
made  with  a  shoulder  which  limits  depth  of  tooth. 
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9.  Limit  in  sizing  gear  blanks.  —  In  commercial  work, 
spur  gear  blanks  from  4  to  6  pitch  may  vary  from  calculated 
outside  diameter  to  .006"  small;  6  to  10  pitch,  to  .004"  small; 
and  12  to  20  pitch,  to  .003"  small. 

10.  Allow  for  error  of  blank  in  depth  of  teeth.  —  Measure 
blank  with  micrometer  and  if  under  size,  deduct  one-half  the 
error  from  setting  for  depth  of  tooth. 

Example.  —  If  gear  blank,  Fig.  11,  is  .002"  undersize,  deduct 
.001"  from  setting  of  .216". 
Solution.  —  .216  -  .001  =  .215",  depth  of  space  or  tooth. 


SPUR  GEAR 

Fig.  5.  —  Diagram  of  Geab  Teste  and  Parts. 

FORMULAS  IN  SPUR  GEARING 

11.  Diametral  pitch  is  the  number  of  teeth  to  each  inch  of 

pitch  diameter. 

„        ,         Tx-       X    1    -x  I.  number  of  teeth 

Formvla.  —  Diametral  pitch  =    .^  ,    ,. r — -r- — ir~\ ' 

'^  pitch  diameter  (mches) 

Example.  —  To  find  diametral  pitch,  given  number  of  teeth 

28,  pitch  diameter  2.8". 
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28 
Solution.  —  s-Q  =  10,  diametral  pitch. 

Attention.  — The  word  "diameter  "  applied  to  gears  means 

the  pitch  diameter.    See  Fig.  5. 

„        ,        T^.       X    1    -x  L       number  of  teeth  +  2 

Formiua. — Diametral  pitch  =  ^  . ,     ,. r • 

outside  diameter 

Example.  —  To  find  diametral  pitch,  given  outside  diameter 
6",  number  of  teeth  48. 

48-1-2 

Solution. = —  =  10,  diametral  pitch. 

o 

Farmvla.  -  Diametral  pitch  =    .    ^/^^^  ^- 

Circular  pitch 

Example.  —  To  find  diametral  pitch,  given  circular  pitch  and 
constant  3.1416. 

Solution. —    '   .^g  =»  10  diametral  pitch. 

•ol410 

12.  Circular  pitch  is  the  distance  from  the  center  of  one  tooth 
to  the  center  of  the  next  tooth  measured  along  the  pitch  circle. 

Formvla.  —  Circular  pitch  =  v: 1 — 5 — rr-r-' 

diametral  pitch 

Example. — To  find  circular  pitch,  given  constant  3.1416  and 
diametral  pitch  10. 

Solution. 'TTT'  "  .31416",  circular  pitch. 

13.  Outside  diameter  or  size  of  gear  blank,  Fig.  5.  — 

E»         I         i-w  X  •  J    j«       X         number  of  teeth  4-  2 

Formiua.  —  Outside  diameter  =»  — -j-. 7 — i — m: —  • 

diametral  pitch 

Example.  —  To  find  outside  diameter,  given  number  of  teeth 
28,  diametral  pitch  10. 
28-1-2 
Solution. rjr —  =  3"  outside  diameter  of  gear  blank. 

14.  The  pitch  diameteti  Fig.  5,  is  the  diameter  of  pitch 

circle. 

m        7         Tvx  I.  J-       X         number  of  teeth 

Formvla.  —  Pitch  diameter  =  ^^ 7 — ,    .^  ,   • 

diametral  pitch 

Example.  —  To  find  pitch  diameter,  given  number  of  teeth 

48,  diametral  pitch  10. 

Solution.  —  Yg  =  4.8",  pitch  diameter. 
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16.  Number  of  teeth  on  gear. 

Formula.  —  Number  of  teeth  =  (outside  diameter  X  diam- 
etral pitch)  —  2. 

Example.  —  To  find  number  of  teeth,  given  outside  diamet^ 
5'',  diametral  pitch  10. 

Solution.  —  (5  X  10)  -  2  =  48,  number  of  teeth. 

Formula.  —  Number  of  teeth  =  pitch  diameter  X  diametral 
pitch. 

Example.  —  To  find  number  of  teeth  given  pitch  diameter 
2.8",  diametral  pitch  10. 

Solviion.  —  2.8  X  10  =  28,  niunber  of  teeth. 

16.  To  find  distance  between  centers  of  two  gears.* 

Formula.  —  Distance  between  centers  = 
number  of  teeth  one  gear  +  number  of  teeth  other  gear 

2  X  diametral  pitch 
Example. — To  find  the  distance  between  centers  of  two  gears, 
given  the  number  of  teeth  in  both  gears,  48  and  28,  and  the 
diametral  pitch  10. 

48  +  28 
Solution. —  ^  =  3.8000"  center  distance. 

^  X  10 

Formula.  —  Distance  between  centers  = 
diameter  of  pitch  circle  of  gear+ diameter  of  pitch  circle  of  pinion 

2 

Example. — To  find  the  distance  between  centers  of  two  gears, 
given  the  diameter  of  the  pitch  circles  of  both  gear  and  pinion. 

4  8  +  28 
SoluHon. — s — -"  =  3.8000"  center  distance. 

17.  To  find  whole  depth  of  milled  gear  tooth  using  constant 
2.167.— 

Formula.  —  Whole  depth  of  milled  gear  tooth  — 

2.157 
diametral  pitch 

•  Often  called  center  to  center  (C  to  C). 


Digitized  by  VjOOQ IC 


FORMULAS  IN  SPUR  GEARING  ll07 

Example.  —  Find  whole  depth  of  tooth  in  gear  of  10  pitch. 
Solviion. ^r^  =j  .2157"  or  .216",  depth  of  space  or  tooth. 

18.  To  find  thickness  of  tooth  at  pitch  linCi  Fig.  5,  given 
circular  pitch  .314". 

Formvla.  —  Thickness  of  tooth  at  pitch  line  = ^ 


or  = 


2 
1.57 


diametral  pitch 

Example.  —  To    find   thickness  of  tooth,  given   diametral 

pitch  10. 

1  ^ 
Solution. ~-  =  .157",  thickness  of  tooth. 

19.  Clearancei  see  Fig.  5,  at  bottom  of  tooth  is  made  equal 
to  ^  thickness  of  tooth  at  pitch  line. 

The  clearance  of  10  pitch  gear  (gear  used  in  Schedule,  p. 
1116)  =  .0157". 

20.  Working  depth  of  tooth,  see  Fig.  5,  is  equal  to  the  whole 
depth  minus  the  clearance. 

For  10  pitch  .2157  -  .0157  -  .2000". 

21.  Addendumi  see  Fig.  5,  is  the  distance  from  the  pitch 
circle  to  outside  circle. 

Formula.  —  Addendum  =  j-. — -. — v^-^  • 

diametral  pitch 

Example.  —  To  find  addendum,  given  diametral  pitch  8. 

Solviion.  —  i  =  .125"  addendum. 

Dedendum  is  the  depth  below  the  pitch  line  to  which  the 

tooth  of  the  mating  gear  extends. 

22.  To  find  whole  depth  of  gear-shaper  gear  tooth.    Con- 
stant 2.260".— 

Formvla.  —  Whole    depth    of   gearnshaper   gear    tooth    =■ 
2.250 
diametral  pitch 
Example.  —  Find  depth  of  tooth  for  10  pitch  gear. 

Solution. 'j^  =  .225",  depth  of  space  or  tooth. 
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23.  Table  of  Tooth  Parts. 


DIAMETRAL  PITCH  IN  FIRST 

COLUMN 

Diame- 
tral 
Pitch. 

Circular 
Pitch. 

Thickness 

OF  Tooth 

ON  Pitch 

Line. 

Adden- 
dum 

AND 

Module. 

Working 

Depth 
of  Tooth. 

Depth  of 

Space  B^ 

low  Pitch 

Line. 

Whole 

Depth 

of  Tooth. 

P 

P' 

i' 

a 

F 

a-hc 

F  +  c 

1 

6.2832 

3.1416 

2.0000 

4.0000 

2.3142 

4.3142 

4.1888 

2.0944 

1.3333 

2.6666 

1.5428 

2.8761 

1 

3.1416 

1.5708 

1.0000 

2.0000 

1.1571 

2.1571 

1 

2.5133 

1.2566 

.8000 

1.6000 

.9257 

1.7257 

1 

2.0944 

1.0472 

.6666 

1.3333 

.7714 

1.4381 

1 

1.7962 

.8976 

.5714 

1.1429 

.6612 

1.2326 

2 

1.6708 

.7854 

.5000 

1.0000 

.6785 

1.0785 

2 

2i 

1.3963 

.6981 

.4444 

.8888 

.5143 

.9587 

1.2566 

.6283 

.4000 

.8000 

.4628 

.8628 

2i 

1.1424 

.5712 

.3636 

.7273 

.4208 

.7844 

3 

1.0472 

.6236 

.3333 

.6666 

.3857 

.7190 

3} 

.8976 

.4488 

.2857 

.6714 

.3306 

.6163 

4 

.7854 

.3927 

.2500 

.6000 

.2893 

.5393 

5 

.6283 

.3142 

.2000 

.4000 

.2314 

.4314 

6 

.6236 

.2618 

.1666 

.3333 

.1928 

.3595 

7 

.4488 

.2244 

.1429 

.2857 

.1653 

.3081 

8 

.3927 

.1963 

.1250 

.2500 

.1446 

.2096 

9 

.3491 

.1745 

.1111 

.2222 

.1286 

.2397 

10 

.3142 

.1571 

.1000 

.2000 

.1157 

.2157 

11 

.2856 

.1428 

.0909 

.1818 

.1062 

.1961 

12 

.2618 

.1309 

.0833 

.1666 

.0964 

.1798 

13 

.2417 

.1208 

.0769 

.1538 

.0890 

.1659 

14 

.2244 

.1122 

.0714 

.1429 

.0826 

.1541 

Module  is  used  in  the  metric  system  of  gear  teeth  and  is 
equal  to  the  pitch  diameter  in  millimeters  divided  by  the 
number  of  teeth  in  the  gear. 
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Table  of  Tootii  Parts  —  Condvded. 

DIAMETRAL  PITCH  IN  FIRST  COLUMN 


Thick- 

1 

DlAM^ 

ClBCULAB 

ness  OF 

P 

W0R¥TN0 

Space 

Whole 

TBAL 

Tooth  on 

thsAo- 

Depth  of 

Below 

Depth  OF 

Pitch. 

Pitch 

DBNDT7M 

Tooth. 

Pitch 

Tooth 

Line. 

OB 

Module. 

Line. 

P 

P' 

V 

a 

F 

a-^  c 

F  +  c 

15 

.2094 

.1047 

.0666 

.1333 

,(ym 

.1438 

16 

.1963 

.0982 

.0625 

.1250 

.0723 

.1348 

17 

.1848 

.0924 

.0588 

.1176 

.0681 

.1269 

18 

.1745 

.0873 

.0555 

.1111 

.0643 

.1198 

19 

.1653 

.0827 

.0526 

.1053 

.0609 

.1135 

20 

.1571 

.0785 

.0500 

.1000 

.0579 

.1079 

22 

.1428 

.0714 

.0455 

.0909 

.0526 

.0980 

24 

.1309 

.0654 

.0417 

.0833 

.0482 

.0898 

26 

.1208 

.0604 

.0385 

.0769 

.0445 

.0629 

28 

.1122 

.0561 

.0357 

.0714 

.0413 

.0770 

30 

.1047 

.0524 

.0333 

.0666 

.0386 

.0719 

32 

.0982 

.0491 

.0312 

.0625 

.0362 

.0674 

34 

.0924 

.0462 

.0294 

.0588 

.0340 

.0634 

36 

.0873 

.0436 

.0278 

.0555 

.0321 

.0599 

38 

.0827 

.0413 

.0263 

.0526 

.0304 

.0568 

40 

.0785 

.0393 

.0250 

.0500 

.0289 

.0539 

42 

.0748 

.0374 

.0238 

.0476 

.0275 

.0514 

44 

.0714 

.0357 

.0227 

.0455 

.0263 

.0490 

46 

.0683 

.0341 

.0217 

.0435 

.0252 

.0469 

48 

.0654 

.0327 

.0208 

.0417 

.0241 

.0449 

60 

.0628 

.0314 

.0200 

.0400 

.0231 

.0431 

56 

.0561 

.0280 

.0178 

.0357 

.0207 

.0385 

60 

.0524 

.0262 

.0166 

.0333 

.0193 

.0360 

Digitized  by  VjOOQ IC 


1110 


ADVANCED  MACHINE  WORK 


24.  Table  of  Tooth  Parts. 


^        p 


JIRCULAR  PITCH  IN  FIRST  COLUMN 

3.      *o^BB%o^o^'^h^        BP  si 


O   J,    B 

I    a 


< 


fc.  I  » 

^  ^  4 


Q  +C 


■^     r 


F  +  c 


=1 

f ' 


vxjsms 


FX.3364 


2 

1! 
It 

If 

1 

i* 


1} 


1.570H 
t-6755 
1.7952 
1.9333 
2.0944 
2.1855 
2.2&4rt 
2.35ti2 
2.3936 
2.5133 
2.6*50 
2.7925 
2.9508 
3.14ir» 
3.3,510 
3.5904 
3.8666 
3.9270 
4.18SK 
4.r>6Q6 
4.7124 
5.02a> 
5.2360 
5.4978 
5,5851 


.0375 
.8750 
.8125 
.7500 
.7187 
.6875 
.6566 
.6562 
.6250 
.5937 
.5625 
.5312 
.,WOQ 
.4687 
.4375 
.4062 
.4^J00 
.3750 
.3437 
.3333 

.3000 
.28,57 
,2812 


6366 
.6968 
.5570 
5173 
.4775 
.4576 
.4377 
.4244 
.4178 
.397i> 
.3780 
.3581 
.3382 
.31B3 
.2984 
278,'! 
2586 
2546 
£387 
21b9| 
2122 
198R 
1910 
1H19 
1790 


.2732 
.lt*37 
.1141 
.0345 
.9.549 
.9151 
.8754 
.8488 
.8356 
.7958 
.7.560 
.7162 
.6764 
.6366 
.5908 
.5570 
.5173 
.5092 
.4775 
.4377 
.4244 
.3979| 
.3820 
.3038 
.3581 


.7366 
.6906 
.6445!  1 
,5985,1 
.5525  1 
.5204 I 
.5064 
.4910 
.4834 
.4604 
.4374 
.4143 
.3913 
.3683 
,3453, 
,3223 
,2093 
.2940 
.2702! 
.2532 
.2455 
.2301 
2210 
2105 
.2071 


.3732 
.2874 
,2016 
.115s 
,0299 
.9870 
.9441 
.9154 
.*J012 
.8583 
.8354 
.7724 
.7295 
.0866 
6437 
.6007 
.5579 
.5492 
,51.'ift 
.4720 
-4577 
.429] 
.4120 
,3923 
.3862 


.6190 
.5803 
.5410 
.5029 
,4042 
.4449 
.4256 
.4127 
.4062 
.3809 
.3075 
3482 
.3288 
J3096 
.2902 
.2708 
.2515 
.2476 
.2321 
.2128 
,2003 
.1934 
.1857 
.1769 
.1741 


.6707 
.6388 
.5869 
.5450 
.5030 
.4821 
.4611 
.4471 
.4403 
.4192 
.3982 
.3773 
.3563 
.3354 
.3144 
.2934 
.2733 
.2683 
.2515 
.2306 
.2230 
.2090 
.2012 
.1910 
.1886 
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Table  of  Tooth  Parts  —  Concluded, 


CIRCULAR  PITCH  IN  FIRST  COLUMN 


p' 


a-\-  c 


F-hc 


si. 

Oh  g 


P'X.3095 


P'X.3354 


^ 


u 


\ 

\ 


2 
2i 

2r 

2 
2i 

2i 

3 


3i 
4 
4} 
5 

li 

6 

64 

7 

7J 

8 

9 
10 
16 
20 


6.2832 

7.0685 

7.1808 

7.3304 

7.8540 

8.3776 

8.6394 

9.4248 

10.0531 

10.4719 

10.9956 

12.5664 

14.1372 

15.7080 

16.7552 

17.2788 

18.8496 

20.4203 

21.9911 

23.5619 

25.1327 

28.2743 

31.4159 

50.2655 

62.8318 


.2500 
.2222 
.2187 
.2143 
.2000 
.1875 
.1818 
.1666 
.1562 
.1500 
.1429 
.1250 
.1111 
.1000 
.0937 
.0909 
.0833 
.0769 
.0714 
.0666 
.0625 
.0555 
.0500 
.0312 
.0250 


.1592 
.1415 
.1393 
.1364 
.1273 
.1194 
.1158 
.1061 
.0995 
.0955 
.0909 
.0796 
.0707 
.0637 
.0597 
.0579 
.0531 
.0489 
.0455 
.0425 
.0398 
.0354 
.0318 
.0199 
.0159 


.3183 
.2830 
.2785 
.2728 
.2546 
.2387 
.2316 
.2122 
.1989 
.1910 
.1819 
.1591 
.1415 
.1273 
.1194 
.1158 
.1061 
.0978 
.0910 
.0850 
.0796 
.0707 
.0637 
.0398 
.0318 


.1842 
.1637 
.1611 
.1578 
.1473 
.1381 
.1340 
.1228 
.1151 
.1105 
.1052 
.0921 
.0818 
.0737 
.0690 
.0670 
.0614 
.0566 
.0526 
.0492 
.0460 
.0409 
.0368 
.0230 
.0184 


.3433 
.3052 
.3003 
.2942 
.2746 
.2575 
.2498 
.2289 
.2146 
.2060 
.1962 
.1716 
.1526 
.1373 
.1287 
.1249 
.1144 
.1055 
.0981 
.0917 
.0858 
.0763 
.0687 
.0429 
.0343 


.1547 
.1376 
.1354 
.1326 
.1238 
.1161 
.1125 
.1032 
.0967 
.0928 
.0884 
.0774 
.0688 
.0619 
.0580 
.0563 
.0516 
.0476 
.0442 
.0413 
.0387 
.0344 
.0309 
.0193 
.0155 


.1&77 
.1490 
.1467 
.1437 
.1341 
.1258 
.1219 
.1118 
.1048 
.1006 
.0958 
.0838 
.0745 
.0671 
.0629 
.0610 
.0559 
.0516 
.0479 
.0447 
.0419 
.0373 
.0335 
.0210 
.0168 


Digitized  by  VjOOQ IC 


1112 


ADVANCED  MACHINE  WORK 


CHORDAL  THICKNESS  AND  CORRECTED  ADDENDUM 

26.  To  measure  gear  teeth  accuratelyi  the  chordal  thickness 
and  corrected  addendum  *  must  be  used.  —  In  gears  of  pre- 
cision allowance  must  be  made  for  the  curve  of  the  circle  of  the 
pitch  line.  The  curve  of  the  top  of  the  tooth  also  affects  the 
distance  at  which  the  thickness  of  the  tooth  is  measured. 

Example.  —  When  measuring  a  tooth,  instead  of  using  the 
distance  a,  Fig.  6,  which  is  the  addendum  of  a  gear  tooth  as 
given  in  tables  on  pp.  llos-llll,  use  distance  a'  which  is  the 
corrected  addendum  (a  +  H  =  a').  For  the  thickness  of  the 
tooth  at  the  pitch  line,  measure  the  chordal  thickness  or  straight 
line  measurement,  instead  of  using  the  thickness  of  the  tooth  as 
given  in  tables  on  pp.  Il08-*llll,  which  is  measured  on  an  arc 
or  part  of  a  circle. 

Notations:  —    i'  =  chordal  thickness 

a'  =  corrected  addendum 
a  =  addendum 
H  =  height  of  arc 
D'  =  pitch  diameter 

P  ==  i  oi  angle  subtended  by  circular  pitch. 
Formvlas:  —  t'  ^  D'  sin  j3 

jj^D^l-cosjS) 


a'  ^a  +  H 


Fig.  6.  —  Diagram  op  Geab 
Tooth  Showing  Chordal 
Thickness. 


,  D^(l-cosjg) 
■*■  2 

To  eliminate  the  necessity  of 
making  extended  calculations,  the 
table  on  p.  Ill4  is  arranged.  To 
obtain  t'  and  a'  for  any  diametral 
pitch,  it  is  necessary  to  divide  the 
values  found  opposite  the  number 
of  teeth  by  the  diametral  pitch. 

Example.  —  8  diametral  pitch, 
32  teeth. 


*  Corrected  addendum  is  often  called  chordal  addendum. 
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From  the  table  we  find  that  the  values  opposite  32  teeth  are 
i'  =  1.6702  and  a'  =  1.0193. 

For  8-pitch  gear,  V  =  1.5702  -^  8  ==  .1963"  chordal  thickness, 
and  a'  =  1.0193  -^  8  =  .1274",  corrected  addendum. 

For  any  circular  pitch  the  vidues  of  a'  and  t'  may  be  obtained 
by  multiplying  the  figures  in  table  on  p.  Ili4,  opposite  the  re- 
quired number  of  teeth,  by  the  value  of  a  taken  from  the  table 
of  tooth  parts  on  pp.  llOS-llll. 

Example.  —  f "  circular  pitch  -  20  teeth,    a  =  .1989". 

<'==  1.5692  X  .1989  «  .3121",  chordal  thickness. 

a'  =  1.0308  X  .1989  =  .2050",  corrected  addendum. 

26.  Gear  tooth  vernier.  —  These  dimensions  are  measured 
with  the  gear  tooth  vernier,  as  in  Fig.  7.    To  test  a  tooth,  two 


FiQ.  7.  —  Meabxtbinq  Chordal  Thickness  wtih  Gbab  Tooth  Vernucr. 

spaces  are  cut  in  the  gear  blank,  then  the  vertical  scale  ii,  which 
is  graduated  to  read  by  means  of  vernier  B  to  thousandths  of 
an  inch,  is  set  by  the  adjusting  screws  to  the  dimension  of  the 
corrected  addendum.    The  caUper  is  then  placed  over  the  tooth 
and  the  sliding  jaw  C  is  moved  against  the  tooth  and  the  chordal 
thickness  measured  by  reading  the  graduated  bar  D  and  vernier 
E.    See  Vernier  Principle,  pp.  2ll,  2l2.    • 
Reading  gear-tooth  vernier  for  2  pitch  20  teeth,  Fig.  7. 
Corrected  addendum  (a')  =  1.0308  -J-  2  =  .5154", 
Chordal  thickness  {t')  =  1.5692  ^  2  =  .7846". 
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27.  Table  of  chordal  fhickness  of  gear  teeth. 


Num- 

NUM- 

NUM- 

ber  OF 

t' 

a' 

BBBOF 

t' 

a' 

BBB  or 

t' 

a' 

Tbbth. 

Tbbth. 

Tbbth. 

6 

1.5529 

1.1022 

60 

1.6705 

1.0123 

94 

1.5707 

1.0066 

7 

1.5568 

1.0873 

61 

1.5706 

1.0121 

96 

1.6707 

1.0065 

8 

1.5607 

1.0769 

62 

1.5706 

1.0119 

96 

1.6707 

1.0064 

9 

1.5628 

1.0684 

68 

1.5706 

1.0117 

97 

1.5707 

1.0064 

10 

1.5643 

1.0616 

64 

1.6706 

1.0114 

98 

1.5707 

1.0063 

11 

1.5654 

1.0559 

66 

1.5706 

1.0112 

99 

1.5707 

1.0062 

12 

1.5663 

1.0514 

66 

1.5706 

1.0110 

100 

1.5707 

1.0061 

18  - 

1.5670 

1.0474 

67 

1.5706 

1.0108 

101 

1.6707 

1.0061 

14 

1.5675 

1.0440 

68 

1.5706 

1.0106 

102 

1.6707 

1.0060 

16 

1.5679 

1.0411 

69 

1.5706 

1.0105 

103 

1.5707 

1.0060 

16 

1.5683 

1.0385 

60 

1.5706 

1.0102 

104 

1.6707 

1.0059 

17 

1.5686 

1.0362 

61 

1.5706 

1.0101 

106 

1.6707 

1.0069 

18 

1.5688 

1.0342 

62 

1.5706 

1.0100 

106 

1.5707 

1.0058 

19 

1.5690 

1,0324 

68 

1.5706 

1.0098 

107 

1.6707 

1.0058 

90 

1,5692 

1.0308 

64 

1.5706 

1.0097 

106 

1.6707 

1.0067 

21 

1.5694 

1.0294 

66 

1.5706 

1.0096 

109 

1.6707 

1.0067 

22 

1.5695 

1.0281 

66 

1.5706 

1.0094 

110 

1.5707 

1.0056 

28 

1.5696 

1.0268 

67 

1.5706 

1.0092 

111 

1.6707 

1.0056 

24 

1.5697 

1.0257 

68 

1.5706 

1.0091 

112 

1.6707 

1.0055 

26 

1.5698 

1.0247 

69 

1.5707 

1.0090 

118 

1.5707 

1.0055 

26 

1.5698 

1.0237 

70 

1.5707 

1.0088 

114 

1.6707 

1.0054 

27 

1.5699 

1.0228 

71 

1.5707 

1.0087 

116 

1.6707 

1.0054 

28 

1.5700 

1.0220 

72 

1.5707 

1.0086 

116 

1.6707 

1.0053 

29 

1.5700 

1.0213 

78 

1.5707 

1.0085 

117 

1.6707 

1.0063 

80 

1.5701 

1.0208 

74 

1.5707 

1.0084 

118 

1.6707 

1.0063 

81 

1.5701 

1.0199 

76 

1.5707 

1.0083 

U9 

1.5707 

1.0062 

82 

1.5702 

1.0193 

76 

1.5707 

1.0081 

120 

1.6707 

1.0052 

88 

1.5702 

1.0187 

77 

1.5707 

1.0080 

121 

1.6707 

1.0051 

84 

1.5702 

1.0181 

78 

1.6707 

1.0079 

122 

1.6707 

1.0051 

86 

1.5702 

1.0176 

79 

1.5707 

1.0078 

128 

1.5707 

1.0060 

86 

1.5703 

1.0171 

80 

1.5707 

1.0077 

124 

1.6707 

1.0060 

87 

1.5703 

1.0167 

81 

1.5707 

1.0076 

126 

1.6707 

1.0049 

88 

1.5703 

1.0162 

82 

1.6707 

1.0075 

126 

1.6707 

1.0049 

89 

1.5704 

1.0158 

88 

1.5707 

1.0074 

127 

1.6707 

1.0049 

40 

1.5704 

1.0164 

84 

1.5707 

1.0074 

128 

1.5707 

1.0048 

41 

1.5704 

1.0150 

86 

1.5707 

1.0073 

129 

1.6707 

1.0048 

42 

1.5704 

1.0147 

86 

1.5707 

1.0072 

180 

1.5707 

1.0047 

48 

1.5705 

1.0143 

87 

1.5707 

1.0071 

181 

1.5708 

1.0047 

44 

1.5705 

1.0140 

88 

1.5707 

1.0070 

182 

1.6708 

1.0047 

46 

1.5705 

1.0137 

89 

1.5707 

1.0069 

188 

1.6708 

1.0047 

46 

1.5705 

1.0134 

90 

1.5707 

1.0068 

184 

1.6708 

1.0046 

47 

1.5705 

1.0131 

*  91 

1.5707 

1.0068 

186 

1.5708 

1.0046 

48 

1.5705 

1.0129 

92 

1.5707 

1.0067 

49 

1.5705 

1.0126 

98 

1.5707 

1.0067 
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28.  Gear  rule.  —  Fig.  9  shows  a  gear  rule  with  graduations 
for  sizing  gear  blanks  of  a  large  variety  of  pitches. 
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•  78  TEETH     12  PITCH  |J 

A— M PITCH  DIAMCnil    $•&    Hi 

I  *  »•  I 

b—  h         outuoc  dumetcii   6  ||         w 
Fig.  9.  —  Gear  Rule. 

Example.  —  To  set  the  calipers  for  a  gear  blank,  78  teeth,  12 
pitch.  Divide  the  number  of  teeth  by  the  pitch,  as  78  -5-  12  = 
Q^''  which  is  the  pitch  diameter;  then  take  6  of  the  blank 
inches  and  6  of  the  12th  graduations  which  gives  6^'',  as  at 
A,  To  this  add  2  of  the  12ths  which  gives  6 A",  as  at  B,  the 
setting  of  calipers  for  outside  diameter  of  blank. 

PREPARING  A  SPUR-GEAR  BLANK 

29.  To  prepare  spur-pinion  blank,  10  pitchi  28  teethi  in- 
volute.   Fig.  10.    Also  see  Specifications,  p.  11X8. 


^H^HK^i^-^, 


FiQ.  10.  —  Schedule  Drawing  of  Spur  Gear. 

Specifications:  Material,  iron  casting  ^"  large;  weight  2  lbs.  8  oi. 

Hardness,  29  to  31  (scleroscope). 

High-speed  steel  or  stellite  cutting  tools. 

Time  to  prepare  3"  gear  blank:  Study  drawing  and  schedule  in 
advance,  5  min.  —  Oil  lathe,  6  min.  —  Chuck,  20  min.  —  Rough  turn, 
19  min.  —  Finish  turn,  11  min.  —  File  and  scrai)e,  7  min.  —  Polish,  11 
min.  —  Clean  lathe,  5  min.  —  Total,  1  h.  24  min. 
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SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


QPBBATIONB. 


Snag  casting. 

Set  dead  center  in  approximate 

alinement. 
Mount  catting  in  chuck  and 

true  up. 
Drill  and  power  ream  hole  (l), 

(%).     See  pp.  40B,  4l7. 


Hand  ream  hole.  Start  reamer 
in  lathe,  pull  belt  by  hand, 
finish  at  reaming  stand  (S). 
See  p.  4l«,  Figs.  22.  23. 

Oil  mandrel  and  press  into  hole. 

True  live  oenter.  Set  dead 
center  in  accurate  alinement. 

Rough  turn  3''+ A''>  (4)-  See 
p.  807. 


Rough  faces  to  l^''+^'\{eed 
inward,  (f),  (•).     See  p.  807. 


Finish  to  size,feed  outward,  (7), 
(8).     See  p.  425. 

Finish  turn  to  3"  +  .004'',  (t). 


FUe  to  3"  +  .0016",  (It). 

PoUsh  (7),  (8).     Polish  (It)  to 
Umit. 

Stamp  name. 

Cut  teeth  (11).    See  p.  Ill8. 


Machinbb,  Spbbdb, 
Fbbdb. 


Engine  lathe,  12"  to 

16". 
3d  or  4th  speed. 

Ist  or  2d  speed,  or  115 
R.P.M.  Hand  feed. 


Reaming  stand. 


Mandrel  press. 

3d  speed,  or  eK)F.P.M. 

Engine  lathe,  12"  to 
10",  3d  or  4th  speed, 
back  gears  in,  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

4th  speed,  back  gears 
in,  or  40  F.P.M. 
Medium  power  feed 
—  80tol". 

3d  speed  or  60  F.P.M. 
Hand  or  fine  power 
feed  —  140  to  1". 

2d  or  3d  speed  or  60 
F.P.M.  Fine  power 
feed— 140  to  1". 

3d  speed,  or   175 

F.P.M. 
Speed  lathe,  highest 

speed. 

Anvil,  piece  of  sheet 
copper. 


Tools. 


Independent  chuck, 
chalk. 

Centering  tool,  f}" 
twist  drill  and 
holder,  fluted 
chucking  reamer, 
.005"  small. 

1"  hand  reamer, 
reamer  wrench. 


1"  mandrel. 
Center  truing   tool, 

center  gage. 
Holder  and  cutterl5* 

rake,  calipers. 


Holder  and  cutter 
15®  rake,  calipers, 
rule. 

Holder  and  cutter 
15®  rake,  or  facing 
tool,  calipers,  rule. 

Holder  and  cutter 
15*  rake,  3"  mi- 
crometer or  3"  cal- 
iper gage. 

8"  or  10"  mai-ba»- 
tard  file,  file  card. 

Polishing  stick,  60, 
90  emery  cloth, 
lard  oil. 

}"  steel  letters,  ham- 
mer. 


Exception.  —  Filing,  scraping  and  polishing  are  usually  omitted  on 
large  gears  and  on  gears  that  are  not  to  be  exposed. 

To  prepare  5''  gear  blank  (see  Specifications,  p.  11 18  and  Fig. 
2)  use  same  schedule  as  Z"  gear  blank,  pp.  II16,  11 17,  but  use  low- 
est speeds  given. 

Time  to  prepare  a  5"  gear  blank:  Study  schedule  in  advance,  5 
min.  —  Oil  lathe,  6  min.  —  Chuck,  20  min.  —  Rough  turn,  21  min.  — 
Finish  turn,  21  min.  —  File  and  scrape,  7  min.  —  Polish,  12  min. — 
Paint,  3  min.  —  Clean  lathe,  5  min.  —  Total,  1  h.  40  min. 
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CUTTING  SPUR  GEARS 

SO.  To  cut  Spur  gear  and  pinion.    Plain  or  universal  milling 
machinei  Fig.  11. 


Fig.  U.  —  CuTTiNa  Teeth  in  Spur  Pinion. 

SPECIFICATIONS  FOR  CUTTING  SPUR  GEAR  AND 
PINION,  FIG.   10. 


Name. 


Material  . . . 
W  — Web.. 


Style. 
Hole.. 


O.dia 

Face 

Hub  dia. . . . 
Hub  proj'n. 


Teeth. 


Pitch. 
P.  dia. 


Gear. 

1 
Pinion. 

C.  iron 
Web 

C.  iron 
Plain 

Spur 

Spur 

1" 

1" 

5" 
2" 

3" 

Flush 

Flush 

48 

28 

10 

4.8" 

10 
2.8" 

Name. 


Depth  of  space 

Thickness  of 
tooth  at  P.  L. 

Depth  of  tooth 
atP.L.  (Ad- 
dendum) .... 

Cutter  marked . 


Center  distance 
Keyway 


Speed. 
Feed.. 


Lubricant . 


Gear. 


.216" 
.157" 


.100" 
f3-10  P. 
35  to  54 
involute. 
3.8" 
i"  X  J" 


Pinion. 


.216" 
.157" 


100" 
/4-10  P. 
26  to  34  T. 
involute. 
3.8" 
i"  X  i" 


1st  or  2d  speed,  or  60 
F.P.M. 

Medium  i>ower  feed  — 
.014"  per  cutter  revo- 
lution 


Dry 


Dry 


Time  to  cut  gear  and  pinion:  Study  drawing  and  schedule  in  ad- 
vance, 6  min.  —  Oil  machine,  6  min.  —  "  Set  up  "  machine,  25  min. 
—  Cut  5"  gear  with  machine  "set  up,"  48  min.  —  Cut  3"  pinion  with 
machine  "set  up,"  28  min.  —  Clean  machine,  5  min. 
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SCHEDULE  OF  OPERATIONS  FOR  PINION 


L  Clean  and  oil  machine  and 
index  head. 

n.  PreiMU!atory  adjustments. 
Insert  clean  arbor  in  clean  spindle. 
Drive  arbor  lightly  with  lead 
hammer. 

Place  cutter  A  on  arbor  B  to 
cut  in  direction  of  rotation  and 
clamp  hard.  Oil  end  of  arbor  and 
adjust  arm  to  bearing.  Fasten 
index  head  and  f  ootstock  on  clean 
table. 

Set  centers  in  horizontal  aline- 
ment.  On  universal  milling  ma- 
chine, set  swivel  table  at  zero. 

m.  Arrange  for  plain  indexing, 
28  teeth. 

IV.  Set  gear  cutter  central  (Ap- 
proximate Method).     Raise  knee 


FiQ.  12. — Setting  Gbab  Cutter 
Cbntbal. 

and  move  cross  slide  until  foot- 
stock  centef  coincides  with  cen- 
ter line  on  oatter  A'  and  clamp 
cross  slide,  then  lower  knee  to 


leave  room  enough  to  mount  work. 

V.  Mount  gear  blank  on  centers. 
Press  mandrel  C  firmly  into  blank 
D,  oil  f  ootstock  center  and  mount 
mandrel  on  centers  securing  dog 
E  in  driver  by  screw  F. 

VL  Set  machine  for  depth  of 
teeth.  Start  machine.  Move  table 
by  hand  long,  feed  until  blank  D  is 
under  revolving  cutter  A.  Hold 
.001^'  tissue  paper  on  top  of  blank 
and  raise  knee  until  revolving  cut- 
ter cuts  paper.  Then  set  vertical 
dial  at  zero  and  move  blank  back 
until  dear  of  cutter.  Raise  knee 
.216'^  required  depth  of  space  or 
tooth.    See  Attention. 

Vn.  Mill  trial  tooth.  Move 
table  by  hand  long,  feed  until 
cutter  nearly  touches  blank,  then 
throw  in  power  feed  and  mill 
first  space,  one  cut.  Set  table 
dog  to  trip  feed  when  center  of 
cutter  has  passed  far  comer  of 
gear  blank.  At  end  of  cut,  move 
table  back  until  blank  is  clear  of 
cutter;  index  and  cut  second 
space  to  form  first  tooth.  Meas- 
ure tooth  and  make  corrections, 
if  necessary.    See  Figs.  7,  52. 

Vm.  MiU  28  teeth.  With 
setting  correct,  mill  teeth  all- 
around  blank,  one  cut  each. 


Warning.  —  When  raising  knee  to  obtain  touch,  cutter  should 
be  revolving,  otherwise  it  may  cut  too  deeply,  as  cutters  do  not 
always  run  true.  It  is  best  to  stop  the  machine  before  moving 
the  table  back,  as  the  revolving  cutter  may  scrape  the  teeth 
more  or  less. 

Attention.  —  For  greater  accuracy,  two  spaces  are  first  cut 
Isss  than  the  required  depth,  and  the  tooth  measured  with  a 
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vernier  caliper.  See  Chordal  Thickness,  pp.  Ill2-lll4,  and 
Figs.  6,  7.  Then  the  spaces  are  cut  deeper  until  the  measure- 
ment shows  that  the  tooth  is  of  correct  thickness. 

Information.  —  To  cut  two  or  more  gears,  see  Gang  Mandrels, 
p.  422. 

31.  To  set  gear  cutter  central  (Accurate  Method).  —  Fast- 
running  gears  are  noisy  unless  teeth  are  exactly  central.  Set 
cutter  central,  as  at  il'.  Fig.  12  (this  method  will  do  for  slow- 
running  gears),  and  cut  space  in  trial  blank.  Take  dog  off  man- 
drel; remount  mandrel  reversed  and  free  on  centers. 


H£AO 

wHetL         V         I 


FiQ.  13.  —  CmnNa  Spur  Gear  in  Automatic  GBAB-CumNa 
Machine. 

Move  blank  toward  back  of  teeth  until  cutter  is  in  the  space. 
Pull  belt  to  revolve  cutter  and  if  it  cuts  at  top  on  one  side  of 
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space  and  at  bottom  on  the  other,  it  is  not  central  and  blank 
should  be  moved  slightly  away  with  cross  feed  from  side  of  cut- 
ter that  cuts  side  of  space  at  top.  Repeat  process  at  other 
places  on  trial  blank  until  cutter  passes  through  a  reversed  space 
without  cutting  and  is  central. 
Note,  —  The  information  given  in  Schedule  for  cutting  spur 

gear  in  a  milling  machine  is 
needed  when  cutting  a  similar 
spur  gear  in  an  automatic  gear- 
cutting  machine  and  is,  practi- 
cally, used  in  the  same  man- 
ner. 


'60 

»— 8 

-A 
''—loo 

Fig.  14.  —  Indexing  Mechanism. 
Automatic  Spur-  and  Bevel- 
Gbab  Cutting  Machinb. 


Fig.  15.  —  Testing  Arbob  and  Set- 
ting Cutter  Central.  Automatic 
Spur-  and  Bevbl-Geab  Cutting 
Machine. 


CUTTING  SPUR  GEAR  IN  AUTOMATIC  GEAR-CUTTING 
MACHINE 

32.  Automatic  spur-  and  bevel-gear  cutting  machines  are 

used  for  cutting  spur  gears  (see  Fig.  13),  bevel  gears  (see  Fig.  64), 
and  internal  gears  (see  Fig.  19). 
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33.  To  cut  spur  gear  in  an  automatic  machine^  the  gear  is 
mounted  upon  an  arbor  in  the  headstock  spindle  and  the  cutter 
upon  a  cutter  spindle,  as  in  Fig.  13. 

The  indexing  is  automatic  and  the  machine  stops  when  the 
last  tooth  is  cut.  This  is  obtained  by  an  arrangement  of  change 
gears  and  indexing  mechanism,  as  in  Fig.  14.  Data  for  indexing 
any  number  of  teeth  is  obtained  from  tables  supplied  with  gear- 
cutting  machines.  Adjustments  for  setting  the  gear  and  cutter 
are  practically  the  same  as  those  given  in  schedule  for  cutting  a 
spur  gear  in  a  milling  machine,  pp.  11X8,  lll9. 

34.  To  cut  spur  gear  and  pinion.  Automatic  spur-  and 
bevel-gear  cutting  machine.  Figs.  13,  14,  15. 


SFECIFICATIOlf S  FOR  CUTTmO  SPUR  GEAR  AND 
PraiON,  FIGS.   13,  11,  15 


Name. 


Material .  .  . 

Design 

Style 

Hole 

O.  diam. .  .  . 
Face 

Hub.  diam.. 
Hub.  proj'n. 
No.  of  teeth 

Pitch 

p.  diam 


Gear.    Pinion. 


C.  iron 
Web 

Spur 

J" 

5.167" 
J" 

IJ 

i" 

60 
12 
5" 


Steel 
Plain 
Spur 

1" 

3.167" 
f" 
2 

li" 
36  • 
12 

3" 


Name. 


Gear. 


Whole  depth  of 
tooth 


Thickness    of 
tooth  at  P.  L. 

Depth  of  tooth 
at  P.  L.  (Ad- 
dendum) .... 


Chordal    thick- 


Corrected      ad- 
dendum   


Cutter  marked 

Center  distance 

Keyway , 

Revs,  of  cutter. . 
Feed  per  min. . . 
Lubricant 


. 1798" 
.1309'' 

.0833" 
. 13088" 

.0842" 

#2-12  P. 
55  to  134 
T.,     invo- 
lute. 

4" 

J"  X  A" 

60 

2" 

Dry 


Pinion. 


.  1798" 
.1309" 

.0833" 
.13085" 

.0848" 

#3-12  P. 
35-54  T.. 
involute. 

4" 

A"  X  A" 

60 
2" 
Lard  oil 
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SCHEDULE  OF  OPERATIONS  FOR  GEAR 


Arrange  index  change  gears  for 
70  teeth. 

Place  gear  100,  Fig.  14,  on  lock- 
ing disk  shaft  A]  gear  50,  1st 
gear,  on  arm  stud  B;  gear  60,  2d 
gear,  on  arm  stud  B;  gear  70,  3d 
gear,  on  bevel  gear  stud  C;  then 
set  knob  D  in  No.  1  slot  to  give 
one  turn  of  locking  disk  E  for 
indexing. 

Arrange  speed  and  feed  change 
gears  inside  box  F,  Fig.  13. 

Set  lever  G,  Fig.  13,  central 
(out  of  mesh). 

Moimt  arbor  H\  Fig.  15,  in 
spindle.  Test  with  dial  test  indi- 
cator J  and  correct  error  by  tissue 
paper  between  spindle  and  arbor. 

Mount  gear  blank  X,  Fig.  13, 
on  arbor  H. 

Mount  cutter  LU,  Fig.  15,  on 
cutter  spindle  M  and  set  central, 
testing  with  indicator  N,  clamped 
to  bed.  Indicate  opposite  sides 
of  cutter  about  on  pitch  line  by 
reversing  indicator  arm,  as  at  N\ 
Adjust  cutter  by  screw  P',  Fig.  15, 
until  readings  are  equidistant 
from  zero  line  on  plate  then  clamp 
spindle. 

Set  cutter  slide  Q,  Fig.  13,  at 
zero  on  graduated  arc  R  by  pinion 
S,  and  clamp. 

Move  carriage  T  under  blank 
by  crank  handle  U,  and  clamp. 

Loosen  bolts  on  spindle-head 
slide  V,  and  lower  blank  slowly  to 


touch  revolving  cutter  (use  .002" 
white  paper  to  indicate  touch)  by 
hand  wheel  W. 

Set  dial  X  at  zero. 

Run  cutter  clear  of  blank. 

Caliper  diameter  of  blank, 
make  allowance  for  error  (see  p. 
1104),  lower  blank  a  little  more 
than  depth  of  cut,  to  take  up  back 
lash  of  screw,  then  raise  to  exact 
depth  =  .431"  +  .002"  for  white 
paper,  and  clamp  slide.  Adjust 
rim  rest  Y  against  blank  to  take 
thrust  when  cutting  teeth,  and 
test,  to  prevent  excessive  friction, 
by  disengaging  worm  1,  Fig.  14, 
from  index  wheel  2'  by  lever  3, 
and  rotate  wheel  by  hand. 

When  correct,  engage  index 
wheel.  Set  reversing  dogs  to  give 
length  of  cut. 

Start  machine,  throw  lever  G, 
Fig.  13,  forward  which  starts  auto- 
matic feed  cutter  slide  and  index 
mechanism. 

Cut  two  spaces  and  run  cutter 
slide  back  by  hand.  Index  gear 
part  way  around  by  lever  8',  Fig. 
14,  then  measure  thickness  of 
tooth  at  pitch  line  with  gear  tooth 
vernier.  Make  corrections  by 
changing  depth  of  cut. 

When  correct  tooth  is  obtained, 
continue  cutting  teeth  all  around 
gear  by  automatic  index,  and  feed. 

Note.  —  After  first  cut,  readjust 
reversing  dogs  if  necessary. 
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Pitj.  10-  —  Generate 
ixa  Geah  is  Gbah 


Digitized  by  VjOOQ IC 


GENERATING  SPUR  GEARS  1125 

36.  Generating  spur  gears  in  a  gear  shaper,  Fig.  16.  — 
This  gear  shaper  cuts  spur  gears,  involute  teeth,  by  a  generating 
process. 

The  high-speed  or  carbon-steel  cutter  is  a  gear  generated  by 

a  grinding  process  controlled  by  two  metal  tapes  and  a  rolUng 

cylinder  which  produces  an  involute  curve. 

One  cutter  is  all  that  is  required  for  each 

pitch  up  to  the  capacity  of  the  machine. 

The  action  of  this  gear-like  cutter  is  similar 

to  that  of  a  shaper  tool  and,  for  ordinary 

spur  gears,  cuts  on  the  up  or  "pull"  stroke. 

As  the  cutter-slide  moves  up  and  down,      ^T 

both  cutter  and  gear  blank  rotate  together  

.,  A*  J  A  •     J  u     J.V.     FiQ.    17.  —~  Cutter 

m  the  proper  ratio  as  determmed  by  the      action  of  a  Gear 

number  of  teeth  in  the  cutter  and  the  num-      Shaper. 

ber  ai  teeth  to  be  cut,  which  is  controlled 

by  a  train  of  change  gears  and  an  indexing  mechanism. 

In  one  revolution  of  the  gear,  the  cutter  forms  tooth  spaces 
and  teeth  of  the  proper  shape  to  mesh  with  any  gear  of  the  same 
pitch.  For  cutting  teeth  ia  cluster  gears  having  two  or  more 
diameters  on  the  same  piece,  or  close  to  a  shoulder  which  is 
larger  than  the  root  diameter  of  the  gear,  the  cutter  is  reversed 
and  the  cut  made  on  the  "push"  stroke.  Whenever  the  direc- 
tion of  the  cutis  changed,  the  mechanism  for  relieving  the  work 
from  the  cutter  must  be  reversed;  this  is  done  by  changing  the 
stud,  in  the  iutemal  driving  gear  operating  the  plungers  at  the 
rear  of  the  machine,  to  the  hole  marked  "push  stroke"  or  "pull 
stroke." 

This  relieving  mechanism  on  some  styles  of  machines  draws 
the  cutter  from  contact  with  the  gear  on  the  return  stroke;  and 
on  others,  the  gear  is  withdrawn  from  the  cutter. 

To  set  the  machine  for  cutting  spur  gears,  place  cutter  A, 
Fig.  16,  on  cutter  spindle  and  fasten  it  securely.  Arrange 
change  gears  B  for  the  number  of  teeth  to  be  cut.  (The  chart 
furnished  with  the  machine  gives  the  change  gears  required  for 
any  number  of  gear  teeth.)  Pull  belt  C  by  hand  until  the 
plungers  on  rear  of  machine  are  raised  clear  of  the  lever  on  the 
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back  of  the  apron;  then,  with  detachable  lever  D,  swing  apron 
E  open  to  receive  the  work.  Place  gear  blank  F  on  arbor  and 
fasten  it  securely.  Swing  apron  into  place  and  again  pull  belt 
by  hand  until  the  plungers  run  back  into  the  rolls  on  apron  lever. 
To  set  cutter  stroke,  turn  crank-adjusting  screw  G  until  pointer 
is  on  graduation  for  width  of  gear  blank.  The  mechanism 
allows  for  ^  of  an  inch  over  travel  at  beginning  of  cut  and  ^y  of 
an  inch  at  the  end.  To  set  machine  for  pitch  of  gear  to  be  cut, 
turn  stud  J  backward  then  forward  to  take  up  backlash  until 
the  pitch  line  on  pitch  dial  H  coincides  with  the  zero  line  on  the 
machine.  Now  set  cutter  sUde  on  the  "up"  stroke  and. with 
crank  handle  on  squared  end  of  upper  index  shaft  K^  rotate 
cutter  until  one  of  its  teeth  is  central  with  work  spindle.  This 
is  determined  by  the  centering  gage  provided  with  the  ma- 
chine. Place  crank  handle  on  stud  L  and  move  cutter  toward 
the  work  until  the  thin  setting  gage  (.019"  thick)  will  pinch 
between  cutter  and  gear  blank.  This  completes  the  setting. 
Now  start  the  machine  and  set  the  timing  mechanism  by 
turning  stud  M,  Start  the  feed  by  throwing  in  starting  lever 
N  and  the  cutter  will  feed  into  the  blank  until  it  reaches  the 
proper  depth,  when  the  depth-feed  automatically  stops  and  the 
rotary  feed  starts;  and  after  the  gear  is  completed  the  rotary 
feed  stops  and  bell  P  rings.  The  machine  can  be  set  by  means 
of  stop  pins  Q  and  K  to  finish  the  gear  in  two  cuts. 

AUentian.  —  This  machine  is  also  used  to  cut  sprockets, 
ratchets,  and  cams,  and  for  graduating. 

CUTTING  INTERNAL  GEARS 

36.  Internal  geaii  Fig.  18,  may  be  cut  with  formed  milling 
cutters  by  making  the  gear  in  the  form  of  a  ring  which  is  secured 
to  a  backing  plate  after  the  teeth  have  been  cut. 

37.  To  cut  internal  gear  with  an  automatic  gear-cutting 
machine.  —  Hold  internal  gear  blank  A,  Fig.  19,  in  special 
chuck  B.  Mount  cutter  C  upon  the  projecting  arm  of  attach- 
ment D.  Cutter  is  driven  by  the  main  cutter  spindle  through 
a  train  of  gears  so  that  it  enters  the  internal  gear  and  works 
upon  its  inner  periphery. 
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The  automatic  indexing  of  the  blank  and  the  return  of  the 
cutter  is  the  same  as  foi^  spur  gears. 


FiQ.  18. — Internal  Gear  and  Pinion.    Ratio  41  to  19. 


The  shape  of  the  space  in  an  internal  gear  is  the  same  as  the 
tooth  of  a  spur  gear  and  requires  a  special  cutter.  For  ordinary 
work  use  the  same  cutter  as  for  spur  gears. 


spindle: 

ELtVATtON 


FiQ.  19.  —  Cutting  Internal  Gear  wtih  an  Attachment  in 
Automatic  Gbar-Cuttinq  Machine. 


Digitized  by  VjOOQ IC 


1128 


ADVANCED  MACfflNE  WORK 


38.  Generating  internal  gear.  Fig.  20.  —  In  this  case  tlie 
teeth  are  cut  on  the  inner  surface  of  a  ring. 


Fio.  20.  —  Generatino  Internal  Gear  in  Gear  Sharer. 


The  cutter  A  is  used  in  the  inverted  position  so  as  to  cut  on 
the  push  stroke.  An  intermediate  gear  is  introduced  into  the 
train  of  change  gears,  to  make  the  gear  and  cutter  rotate 
in  the  proper  direction. 

39.  Spur  helical  gears,  Fig.  21,  are  spur  gears  with  the  teeth 
cut  at  an  angle  to  the  axis. 

These  gears  are  mounted  on  parallel  shafts  and  operate  like 
ordinary  spur  gears  except  that  the  engagement  of  the  teeth 
is  continuous  which  tends  toward  noiseless  action.  They  may 
be  cut  in  a  milling  machine  or  in  a  helical  gear  shaper.  The 
principle  of  the  helical  gear  shaper  is  the  same  as  that  of  the  gear 
shaper  for  generating  spur  gears.  The  helical  cutter  is  gener- 
ated like  the  spur  gear  cutter  and  is  finished  by  a  similar  grinding 
process.  The  only  difference  in  the  mechanism  of  this  machine 
is  in  the  design  of  the  cutter  slide  and  the  helical  guides  for 
giving  the  helical  motion  to  the  cutter  spindle  as  it  moves  up 
and  down  for  cutting  and  return  strokes. 

One  helical  guide  is  mounted  on  the  cutter  spindle  and  its 
mating  guide  fastened  in  the  hub  of  the  upper  index-wheel. 

These  guides,  like  the  cutters,  can  be  changed  when  changing 
from  one  helix  to  another,  or  for  cutting  a  right-hand  or  a  left- 
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hand  gear.  This  shaper,  like  the  spur  gear  shaper,  will  cut 
teeth  into  a  narrow  clearance  recess  making  it  easy  to  cut  teeth 
close  to  a  shoulder. 


FiQ.  21.  —  Helical  Geabs. 


FiQ.  22.  —  Hebbingbonb  Geabs. 


Note.  —  Internal  helical  gears  can  be  cut  on  this  machine. 
40.  Herringbone  gears  may  be  cut,  as  in  Fig.  23.    A  nar- 


FiG.  23.  —  Cutting  Teeth  of  Hebbinobone  Geab. 

row  groove  in  which  to  run  the  cutter,  from  ^"  to  VV"  wide  de- 
pending on  the  pitch  and  heUx  angle,  is  cut  in  the  center  of  the 
blank. 

CUTTING  RACKS 
41.  RackSi  Fig.  24,  are  straight  bars  with  teeth  cut  on  the 
sides  or  edges,  to  mesh  and  operate  with  gears  and  pinions  to 
produce  reciprocating  motions.  Common  examples  are  the 
racks  and  pinions  of  the  feed  mechanism  of  engine  lathes,  and 
the  racks  and  gear  drives  of  planers. 
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24.  —  Rack  and  Pinion.    Ratio  14  to  1. 


Racks  are  usually  cut  in  machines  that  automatically  index 
from  one  tooth  to  the  next.  Short  racks  may  be  cut  in  a  milling 
machine,  Fig.  25,  or  planed.  They  may  be  held  in  a  vise  set 
parallel  to  a  regular  milling  machine  arbor.  Fasten  rack-cutting 
attachment  A,  Fig.  25,  to  a  plain  milling  machine.  Clamp 
rack  blank  B  in  shoe  C  parallel  to  cutter  arbor  D.    Set  long. 


Fig.  25.  —  Cuttino  Teeth  in  Rack.    Plain  Milling  Machinb. 


feed  dial  at  zero  and  move  table  one  pitch  for  each  cut. 
Attention.  —  Gang  cutters  are  often  used  for  milling  racks. 
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SPIRAL  GEARING 


Fig.  26.  —  Spiral  Gbab  and  Pinion.    Ratio  L6  to  1. 


42.  Spiral  gears  are  used  to  transmit  rotary  motion  from 
one  shaft  to  another  not  parallel,  and  have  teeth  like  a  screw, 
Fig.  26.  They  are  desirable  for  high  speeds  where  the  load  is 
light,  and  smooth  and  noiseless  action  is  a  factor;  for  this  reason, 
spiral  gears  are  often  used  instead  of  bevel  gears.  The  absence 
of  noise  is  due  to  the  sliding  action  between  the  teeth.  The 
tooth  curves  arc  the  same  as  those  used  in  spur  gearing,  but  the 
teeth  are  so  placed  that  their  center  lines  are  sections  of  helices. 
The  lead  or  pitch  of  these  helices  is  dependent  on  the  angle  be- 
tween the  shafts.  They  should  be  designed  so  that  they  may 
be  cut  with  standard  spur-gear  cutters.  Spiral  gears  may  be 
cut  with  a  milling  machine  or  gear-hobbing  machine,  see  pp. 
1148-1152. 

Examples  of  spiral  gears  may  be  found  in  automobile  and 
stationary  gas  engine  timing  gears,  and  in  centrifugal  machinery 
including  extractors,  separators,  and  dryers.  See  Spiral-Type 
Bevel  Gears,  pp.  1176,  1177. 

Spiral  gears  are  often  used  in  the  place  of  spur  gears,  the 
shafts  are  then  parallel  and  the  angles  of  the  teeth  of  both  gears 
are  alike.    They  are  usually  made  not  over  20^ 
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ImportarU.  —  In  order  to  understand  spiral  gearing  one  should 
have  a  good  knowledge  of  spur  gearing. 

43.  Normal,  Fig.  27.  —  As  the  teeth  of  spiral  gears  are  at 
an  angle  with  the  shaft,  as  at  -4,  the  true  shape  of  the  teeth  is 
at  the  normal,  as  at  B,  which  is  a  line  at  right  angles  to  the 
teeth,  as  at  C,  D.  The  shape  of  the  teeth  at  the  sides  of  the 
gear  is  distorted,  as  at  E. 


SECTION  .ON  NORMAL 


T£ETM 

ACTUAL   SIZE 

B 


GEAR 
.      V- CUTTER 


TEETH 
OlSTORfEO 


Fig.  27.  —  Diagram  of  a  Spiral  Gear  Showing  the  Normal 
AND  True  Size  op  Teeth. 


FORMULAS  IN  SPIRAL  GEARING 

44.  Spiral  gear  data.  —  Data  for  spiral  gears  vary.  In 
designing  a  machine  in  which  spiral  gears  are  to  be  used  space 
should  be  allowed  for  a  center  distance  for  which  a  pair  of  spiral 
gears  can  be  readily  designed;  otherwise,  gears  will  have  to  be 
calculate  to  fill  the  space  available,  which  will  be  much  more 
difficult  and  expensive  both  to  design  and  to  cut. 

Example.  —  A  pair  of  spiral  gears  is  required  to  fulfill  the  fol- 
lowing conditions: 

Ratio.  — 1.6  to  1.  Driver  is  800  revolutions  per  minute; 
driven  500  revolutions  per  minute. 

Center  distance.  —  From  available  space,  center  distance  not 
over  4f "  and  may  be  as  small  as  4f ". 
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Piich  (approximate).  —  About  12  nonnal  diametral  pitch 
selected  to  satisfy  the  conditions  of  power  and  load. 
Angle.  —  The  driver  to  be  greater  than  the  driven. 
Pitch  diameter,  —  Restricted  by  available  space. 
Outside  diameter  of  driving  gear  must  not  be  over  4". 
46.  Trial  calculations. — 
To  find  the  trial  pitch  diameter. 

Solution.  —  4  —  2  (12-pitch  addendums)  =4  —  A=4— 1=* 
3f  =  3.833". 

3.833"  =  trial  pitch  diameter  of  driver. 
(4.625  X  2)  =  9.25  -  3.833  =  5.417"    maximum   pitch    di- 

ameter  of  driven. 
(4.375  X  2)  =  8.75  -  3.833  =  4.917"    minimum    pitch    di- 
ameter of  driven. 

To  find  the  trial  angle  of  the  driver. 

Formula.  — 

m  J.    f       1     r  J  •  pitch  diameter  of  driver  ,, 

Tangent  of  angle  of  driver  =  ^..  ,    .,. r fj-= —  X 

pitch  diameter  of  driven 

R.P.M.  driver 
R.P.M.  driven' 

Solution.  —  kTTt  ^  Hnn  "^  1-132  tangent  *  of  angle  of  driver. 

1.1321  =  48^  33'  angle  of  driver. 
90^  -  48^  33'  =  41^  27'  angle  of  driven. 

To  find  the  number  of  teeth  in  driver  and  driven. 

Formvla.  — 

Pitch  diameter  X  normal  diametral  pitch  X  cosine  of  angle = 
number  of  teeth. 

Solution.  — 

Driver  =    3.833  X  12         X  .66197  =  30.45 

Driven  =   5.417  X  12         X  .74953  =  48.72. 

Consider  a  12-pitch  driving  gear  of  30  teeth  and  a  driven 
gear  of  48  teeth  which  are  in  the  ratio  of  1.6  to  1. 

*  For  Tables  of  Natural  Trigonometrical  Functions,  see  any  Engineers' 
Handbook. 
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To  find  the  pitch  diametera  of  driver  and  driven. 

Formula.  —  Pitch  diameter  of  a  spiral  gear  = 

number  of  teeth 

cosine  angle  X  normal  diametral  pitch' 

30 
Sohdions.  —  aaiqt  n^  19  ~  3.7766"  pitch  diameter  of  driver. 

48 
jAQfio  y  10  ~  5.3367"  pitch  diameter  of  driven. 

To  find  center  distance. 
Formvla.  —  Center  distance  = 

pitch  diameter  of  driver  +  pitch  diameter  of  driven 

2 

Solution. 2 — ' "^  4.5566"  which  is  within  the 

requirements  (4|,  4f). 

By  adding  two  12-pitch  addendums  to  the  pitch  diameter  of 
the  driver,  we  find  that  we  have  a  gear  that  is  less  than  4"  as 
required. 

3.7766  +  (2  X  .0833)  =  3.9433". 

Note.  —  If  these  trial  calculations  do  not  meet  requirements, 
compute  the  work  again  and  continue  this  process  until  sizes 
are  obtained  that  do  meet  requirements. 

46.  To  calculate  the  true  size  of  a  pair  of  spiral  gears  for  the 
ratio  of  1.6  to  1.  — 

To  find  the  angle  of  the  driver. 

By  substituting  the  actu^al  pitch  diameters  in  place  of  the 
trial  diameters,  we  get  the  same  angles  for  drivers  and  driven 
that  we  did  in  the  trial  calculations. 

From  Art.  45  we  know  that  tangent  of  angle  of  driver  = 
3.7766^^  800  _..,^ 
5.3367  ^  500  "  ^'^'^^' 

1.132  =  48*  33',  angle  of  driver. 
90**  -  48*  33'  =  41*  27'  angle  of  driven. 
To  find  the  outside  diameters  of  driver  and  driven. 
Farmida.  —  Outside  diameter  =  pitch  diameter  +  (2  X  nor. 
addendum). 
Solution.  — 3.776&  +  (2  X  .0833)  =  3.9433"  outside  diameter 
of  driver. 
5.3367  +  (2  X  .0833)  =  5.5033"  outside  diameter 
of  driven. 
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To  find  the  normal  circular  pitch  of  driver  and  driven^ 
FofTmda.  —  Nonnal  circular  pitch  = 

pitch  diameter  X  ooeine  angle  X  3.1416 
number  of  teeth 

^  ,  ,.          3.7766  X  .66197  X  3.1416       ^.^„  ,     . 

Sohdion. 57r =  .2619  ,  normal  cir- 
cular pitch  of  driver. 

6.3367  X  .74953  X  3.1416       ^.^„  ,1         •*  u     r 
j^ «.2618' ,  normal  circular  pitch  of 

driven. 
To  find  the  normal  diametral  pitch. 

Formula.  —  Normal  diametral  pitch  = 


normal  circular  pitch 
Solution. '^  =  12,  normal  diametral  pitch. 

To  find  the  normal  ffdckness  of  tooth. 

„        ,        T^T         ixu-  1           fi.    i.u     normal  circular  pitch 
Formula. — Normal  thickness  of  tooth  = 5 • 

QMfl 

Solution. jr—  =s  .1309",  normal  thickness  of  tooth. 

To  find  normal  addendum. 

1 
Formula.  —  Nonnal  addendum 


normal  diametral  pitch 
Solution.  — ys  =  .0833"  normal  addendum. 

To  find  normal  depth  of  tooth. 

Formula.  —  Normal  whole  depth  of  tooth  (depth  of  space)  =■ 

2.15708 

normal  diametral  pitch 

2  15708 
Solution. '-j^ —  =  .1798"  normal  depth  of  tooth. 

To  find  the  number  of  cuUeVf  see  p.  1169. 
Formula.  —  Range  of  cutter  = 

actual  number  of  teeth  in  spiral  gear  . 
cosine*  of  angle 
30 
Solution.  —  ftfiToTi  ^  1^3  +  teeth  =  No.  2, 12-pitch  cutter. 

48 
j^  =  114  +  teeth  «  No.  2,  12.pitch  cutter. 
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To  find  the  lead  of  driver  and  driven. 

„         ,         T     J      pitch  diameter  X  3.1416 

Formula.  —  Lead  =  - — r 7—7 5 

tangent  of  angle 

„  J  ,.           3.7766  X  3.1416      ,^  .»q^„  1    j    r  j  • 
SoliUion. r-r:^?^?; =  10.4786  '  lead  of  dnver. 


1.1323 
6.3367  X  3.1416 


=  18.9833"  lead  of  driven. 


Formula. 


.8832 

To  find  gears  for  lead  of  driver. 

lead  of  driver  _  gear  on  worm  X  2d  gear  on  stud 

lead  of  machine  ""  1st  gear  on  stud  X  gear  on  screuv  * 

Exact  lead  =  10.4786" 

Approximate  lead  =  10.477" 

^  -  ,.           10.477     48  X  44  .      ,  . 

Solution. Jq—  =  ^g^  y^  gears  for  dnver. 

To  find  gears  for  lead  of  driven. 
Exact  lead  =  18.9833" 

Approximate  lead  =  19.000" 
19.000      38  X  64 


Solution.' 


10 


40X32 


gears  for  driven. 


CUTTING  SPIRAL  GEAR 

47.  To  cut  spiral  gear  and  pinion,  tmiversal  milling  machine. 
Kg.  28. 


^^^ 


Fig.  28.  —  Cuttinq  Spiral  Gsaiu 
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Fig.  29.  —  Drawing  op  Spiral  Gears.    Ratio  1.6  to  1. 

SPECIFICATIONS  FOR  PAIR  OF  SPIRAL  GEARS 
OTHER  THAN  45%  Fig.  29 


Namb. 

Driver. 

Driven. 

Name. 

Driver. 

Driven. 

Material 

Speed  ratio:  driver 
800  revolutions, 
driven  600  revo- 
lutions 

Hole 

Machine 
steel 

1" 
3.9433" 

r 

30 
Right 
3.7766" 
48*33' 

12 
.2618" 

.1309" 

.0833" 
.1797" 

Cast  iron 
semi- 
steel  or 
phos- 
phor 
bronxe 

1" 
6.6033" 

i" 

48 
Right 
5.3367" 
41*  27' 

12 
.2618" 

.1309" 

.0833" 
. 1797" 

Cutter  number 

Exact  lead  of 

spiral 

Approx.  lead 

of  spiral 

Gears  for  lead 

of  spiral: 
Gear  on  worm 
1st  gear  on  stud 
2d  gear  on  stud 
Gear  on  screw 

Speed 

Feed 

2 

10.4786" 
10.477" 

48 
28 
44 
72 

2 

O   dif^ 

18.9833" 

Face 

No.  of  teeth 

Hand 

19.000" 

Pitch  dia 

Angle 

38 

Normal  diametral 
pitch 

40 
64 

Normal  cir.  pitch 

32 

Normal  thickness. 
"     addendum . 

1st  or  2d  speed,  or 

60  F.P.M. 
Medium  power  feed 

"     depth 

—  .014' 
revoluti 

'     cutter 
on 
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SPECIFICATIONS  FOR  PATR 
THAN  45%  Fig. 

OF  SPIRAL  GEARS  OTHER 

29.    Concluded, 

Nams. 

Dbiyxb. 

Driven. 

Namic. 

Driybb. 

Dbiviin. 

Center  distance .  . 
Cutter  pitch 

4.5566" 
12 

4.5566" 
12 

Keyway 

Lubricant .... 

i"  X  i" 
LardoQ 

i"  X  i" 

LardoU 

Dry  for 

C.L 

SCHEDULE  OF  OPERATIONS  FOR  GEAR 


L  Preparatory  adjustments. 
Place  cutter  A  on  arbor  ^  in  di- 
rection of  rotation,  and  clamp 
hard.  Fasten  index  head  and 
footstock  in  horizontal  alinement 
on  table. 

n.  Set  cutter  centraL  Set 
swivel  table  at  zero  and  cutter 
central,  as  at  A\  Fig.  28,  and 
clamp  cross  slide. 

in.  Arrange  gears  and  index. 
Arrange  gears  for  spiral,  set  index 
for  21  teeth,  withdraw  stop  so 
that  index  plate  can  revolve. 

IV.  Mount  gear  blank  on  centers. 
Press  mandrel  C  hard  into  blank 
D  and  mount  on  centers  securing 
dog  E  in  driver  by  screw  F. 

V.  Set  machine  for  depth  of 
teeth.  Start  machine;  move 
table  by  hand  long,  feed  until 
blank  D  is  under  revolving  cutter 
A,  Hold  .001"  tissue  paper  on 
top  of  blank  and  raise  knee  imtil 
revolving  cutter  cuts  paper.  Then 
set  vertical  dial  at  zero  and  move 
blank  back  until  clear  of  cutter. 
Stop  machine.  Set  swivel  table 
or  milling  machine  attachment, 
see  p.  1130,  for  tooth  angle  and 
clamp.    Raise  knee  for  depth  of 


space,  and  again  set  vertical  dial 
at  zero. 

VI.  Mill  trial  tooth.  Start 
machine;  move  table  by  hand 
long,  feed  until  cutter  nearly 
touches  blank,  then  throw  in 
power  feed,  and  mill  tooth,  one 
cut.  Set  table  dog  to  trip  feed 
when  center  of  cutter  has  passed 
far  comer  of  gear  blank.  At  end 
of  cut,  lower  knee  and  move  table 
back  imtil  blank  is  clear  of  cutter; 
or,  sufficient  clearance  may  be 
obtained  by  puUing  belt  until  no 
tooth  of  cutter  is  on  center  of  the 
gear,  then  table  may  be  moved 
back  without  lowering  the  knee. 

Vn.  Mill  all  teeth  by  same  proc- 
ess. 

Information.  —  Before  first  cut, 
raise  knee  until  revolving  cutter 
touches  blank,  then  move  table 
by  hand  to  trace  spiral  line  on 
work  which  will  show  if  lead  and 
angle  are  correct. 

Warning. — Press  mandrel 
harder  into  blank  for  spiral  milling 
as  the  tendency  to  slip  by  pressure 
of  cut  is  greater. 

Attention.  —  Cut  pinion  by 
same  process  as  gear. 


48.  If  the  pitch  diameters  of  spiral  gears  are  the  same  ratio 
as  the  number  of  teeth,  the  spiral  angle  of  each  is  46^ 
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SPECIFICATIONS  FOR  PAIR  OF  SPIRAL  GEARS,  45""  ANGLE 


Namx. 

Gear. 

Pinion. 

Name. 

Gear. 

Pinion. 

Material 

Speed  ratio:  Driv- 
er 800    revolu- 
tiODS,  driven  500 
revolutions 

Hole 

Phos- 
phor 
bronse 

1" 
3.962" 

li" 

21 
Right 
3.712" 

45« 

8 

.3927" 
.1963" 

.1250" 
.2696" 
3.182" 

8 

Machine 
steel 

1" 
2.902" 

li" 

15 
Right 
2.652" 

46° 

8" 

.3927" 
.1963" 

.1250" 

.2696" 

3.182" 

8 

Cutter  number 

Exact  lead  of 
spiral 

Approx.     lead 

of  spiral 

Gears  for  lead 

of  spiral: 
Gear  on  worm . 
1st  gear  on  stud 
2d  gear  on  stud 
Gear  on  screw 

Speed 

Feed 

2 
11.6616" 

11.667" 

56 
32 

48 
72 

2 

8.330" 

0,dia 

8.333" 

Face 

No.  of  teeth 

Hand 

48 

Pitch  dia 

Angle    of    teeth 

with  axis 

Normal  diametral 

32 
40 
72 

pitch 

Normal    circular 
pitch 

Ist  or  2d  speed,  or 

60  F.P.M. 
Medium  power  feed 

Normal  thickness . 

Keyway 

Lubricant .... 

—  .014"  per  cut- 
ter revolution 

Normal     adden- 
dum  

i"  X  i" 
Lard  oil 

i"  X  i" 

Normal  depth 

Center  distance .  . 
Cutter  pitch 

Lard  oil 

WORM  GEARING 


Fig.  30.  —  Worm  and  Worm  Gear.    Ratio  35  to  1. 
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49.  Worm  gearing,  Fig.  30,  is  used  to  transmit  rotary 
motion  from  one  shaft  to  another  not  parallel,  and  usually  at 
right  angles.  While  worm  gearing  is  generally  used  where  the 
load  is  heavy  and  for  relatively  large  reductions,  there  are  nu- 
merous exceptions  where  multiple-threaded  worms  are  used,  to 
reduce  the  pressure  on  the  teeth  and  also  to  increase  the  effi- 
ciency. The  thread  on  the  worm,  Rg.  30,  is  similar  to  the  29® 
thread.  The  teeth  of  the  gear  are  cut  at  an  angle  with  the  axis 
of  the  shaft,  usually  from  65®  to  65°  depending  on  the  lead  of 
the  worm. 

Cutters  of  50®  included  angle,  having  straight  sides,  are  com- 
monly used,  producing  a  worm  tooth  which  is  curved  both  on 
the  axis  and  on  the  normal,  and  the  hob  for  cutting  the  wheel  is 
made  of  the  same  form.  Worm  gears  are  sometimes  roughed 
out  with  a  gashing  cutter,  but  they  are  usually  finished  with  a 
hob  which  gives  a  bearing  on  the  worm  thread  the  full  length 
of  the  teeth. 

Worms  and  worm  gears  are  usually  designed  so  that  available 
hobs  may  be  used.  This  may  be  according  to  diametral  pitch 
or  circular  pitch. 

Worm  gears  may  be  found  in  the  power  feed  driving  mechan- 
isms of  many  machine  tools  including  engine  lathes,  drill  presses, 
and  boring  mills.  They  are  also  used  for  worm  wheel  drives  for 
automobiles  and  trucks,  steering  mechanisms,  and  for  other  pur- 
poses where  a  large  reduction  in  speed  is  desired.  By  increas- 
ing the  pitch  and  number  of  threads,  this  mechanism  becomes 
one  of  spiral  gears. 

Important,  —  In  order  to  understand  worm  gearing  one  should 
have  a  good  knowledge  of  spur  gearing. 

FORMULAS  IN  WORM  GEARING 

60.  Circular  pitch  (circmnferential)  is  the  distance  from  the 
center  of  one  tooth  to  the  center  of  the  next  tooth  measured 
along  the  pitch  circle,  as  in  spur  gears.  Either  the  circular 
pitch  or  its  equivalent  in  diametral  pitch  is  usually  given. 

51.  The  pitch  diameter  of  a  worm  gear,  Fig.  31,  is  the  diam- 
eter of  the  pitch  circle. 
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rf        »        T^-x  i_  1-       X        circular  pitch  X  number  of  teeth 

FormiUa.  — Pitch diaineter  = — o  ivn^ • 

3.1410 

Example.  —  To  find  the  pitch  diameter^  given  circular  pitch 

.3333''  and  number  of  teeth  35. 

Sdviian.  —  '^^^^  =  3.7136"  pitch  diameter. 

62.  The  lead  of  the  worm.  — 

Formttla.  —  The  lead 


number  of  turns  per  1"  in  worm 
Example.  —  To  fijid  the  lead  of  worm,  given  number  of  teeth 

1  and  number  of  turns  per  inch  in  worm  3. 
Solution.  —  i  =  .3333",  lead  of  worm. 

63.  Outside  diameter  of  gear  may  be  calculated,  but  as  the 
points  of  these  gears  are  usually  made  with  a  slight  land  to  give 
strength,  a  measurement  taken  from  a  drawing  is  sufficient. 

64.  Diametral  pitch  (size  of  tooth),  see  Spur  Gears,  p.  Il04. 

66.  Throat  diameter  is  equivalent  to  the  outside  diameter 
of  a  spur  gear  of  equal  pitch,  Fig.  31. 

Formvla.  —  Throat  diameter  =  pitch  diameter  +  2  X  ad- 
dendum. 

Example.  —  To  find  throat  diameter,  given  pitch  diameter 
3.7136"  and  addendum  .1061". 

Solution.  —  3.7136  +  2  (.1061)  =  3.9258"  throat  diameter. 

66.  Throat  radius,  see  Fig.  31,  is  radius  of  curve  at  top  of 

tooth. 

r,        1         mi_      X       J-           outside  diameter  of  worm 
Formvla.  —  Throat   radius  =  ^ 

2  X  addendum. 

Example.  —  To  find  throat  radius,  given  outside  diameter  of 
worm  1.75"  and  addendum  .1061". 

SobaUm.  —^  -  2  (.1061)  =  .6628",  throat  radius. 
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67.  Addendum  is  the  distance  from  the  pitch  Une  to  the 
throat  on  the  gear. 

Forrmda.  —  Addendum  =  circular  pitch  -r  3.1416. 
Example. — To  l&nd  the  addendum,  given  circular  pitch  .3333". 

Solution.  —  '  ^A^a  ~  .1061",  addendum. 
0.1410 

68.  The  chordal  addendum  (corrected  pitch  depth)  is  also 
necessary  for  measurement  of  worm  gear  tooth  thickness  (.1079" 
in  this  case).    See  pp.  Ill2-lll4. 

69.  Thickness  of  todth  at  pitch  line.  — 

Forrmda.  —  Thickness  of  tooth  at  pitch  line  = ^-^ • 

Example.  —  To  find  thickness  of  tooth  at  pitch  line,  given 

circular  pitch  .3333". 

3333 
Solution.  —     ^     =  .1667",  thickness  of  tooth  at  pitch  line. 

60.  Working  depth  of  tooth. -r- 

Formvla.  —  Working  depth  of  tooth  =  2  X  addendum. 
Example.  —  To  find  working  depth  of  tooth,  given  addendum 
.1061". 
SolvJLim.  —  .1061  X  2  =  .2122",  working  depth  of  tooth. 

61.  Whole  depth  of  tooth.  — 

Formula.  —  Whole  depth  of  tooth  ==  2  X  addendum  + 
clearance. 

Example.  —  To  find  whole  depth  of  tooth,  given  addendum 
.1061"  and  clearance  .0067". 

Solution.  — 2  X  .1061  +  .0067  =  .2189",  whole  depth  of 
tooth. 

62.  Clearance  between  the  worm  and  the  gear.  — 

Formida.  —  Clearance  at  bottom  of  tooth  =  whole  depth  of 
tooth  —  working  depth. 

Example.  —  To  find  clearance  between  worm  and  gear,  given 
whole  depth  of  tooth  .2289"  and  working  depth  .2212". 

Sdviion.  —  .2289  -  .2212  =  .0067",  clearance  at  bottom  of 
tooth. 
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63.  The  worm  thread  tool  has  an  included  angle  of  29^  like 
the  29^  thread  when  the  standard  pressure  angle  of  14§^  is  used. 
The  width  of  the  tool  at  the  end  is  obtained  by  the  following 
formula: 

Formula.  —  Constant  .3095  X  circular  pitch  =  width  of  end 
of  worm  thread  tool. 

Example.  —  To  find  width  of  worm  thread  tool  at  end,  given 
constant  .3095  and  circular  pitch  .3333". 

Solution.  —  .3095  X  .3333  =  .10316",  width  of  worm  thread 
tool  at  end. 

64.  Angle  of  worm  thread  tooth  (gashing  angle)  is  the  angle 
of  thread  with  line  at  right  angles  to  worm  axis. 

Formida.  —  Tangent  of  angle  =    .^  ,    . ^ -z • 

pitch  circumference  of  worm 

Example.  —  To  find  angle  of  worm  thread  tooth  (gashing 

angle)i  given  lead  of  .3333"  and  pitch  diameter  1.5378". 

OOOQ 

SoMion.  -  Tangent  =  ,^5378^3.1416  °  '^^^^^ ' 
Tangent  .06891  =  3^  56'  50". 

66.  Width  of  top  of  worm  thread.  — 

Formvla.  —  Width  of  top  of  worm  thread  =  constant  .3354  X 
circular  pitch. 

Example.  -^  To  find  width  of  top  of  worm  thread,  given  con- 
stant .3354  and  circular  pitch  .3333". 

SoJti^ion.  —  .3354  X  .3333  =  .1118",  width  of  top  of  worm 
thread  and  width  of  end  of  hob  thread. 

66.  Center  distance  is  the  distance  between  axis  of  worm 

and  axis  of  worm  gear. 

Formvla.  —  Center  distance  = 

pitch  dia.  worm  gear  +  pitch  dia.  worm 

2 

Example.  —  To  find  center  distance,  given  pitch  diameter  of 

worm  gear  3.7136"  and  pitch  diameter  of  worm  1.5378". 

o  ,  ^.          3.7136  + 1.5378      ^  ^^--„        ^      ,.^ 
Solution. ^ =  2.6257",  center  distance. 
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67.  Using  diametral  pitch  system.  —  In  threading  a  worm 
in  an  engine  lathe,  the  thread  tool  is  made  according  to  diametral 
pitch  sizes,  and  sizes  of  the  gear  parts  may  be  taken  directly 
from  the  table  of  spur  gear  parts  for  diametral  pitch.  See  Table 
of  Tooth  Parts,  pp.  llOS-llll. 

SPECIFICATIONS  FOR  WORM  AIVD  WORM  GEAR,  Fig.  31 


Namk. 

Worm. 

Gear. 

Name. 

Worm. 

Gear. 

Material 

Machine 

Phos- 

Thickness     of 

steel 

phor 
bronze 

tooth  at  P.L. 

. 1667" 

.1667" 

Hole 

i" 

1" 

Normal  thick- 

ness of  tooth 

at  P.L 

.1663" 

.1663" 

Face 

2" 

J" 

Corrected    ad- 

dendum   for 

worm  gear... 

.1079" 

No.  of  teeth  (gear 

Clearance     at 

ratio).- 

1  (single 
thread) 

35 

bottom     of 

tooth 

.0067" 

.0067" 

Pitch  dia 

1.6378" 

3.7136" 

Working  depth 

.2122" 

.2122" 

Lead  of  the  worm . 

.3333" 

Whole  depth  of 

R.H. 

tooth 

.2189" 

.2189" 

single 

Threads   per    1" 

Width  of  end  of 

(seep.  320).... 

3 

worm  thread 

Circ.  pitch  of  gear 

tool,     also 

and  linear  pitch 

width  at  end 

of  hob  tooth.. 

.10316" 

worm 

.3333" 

.3333" 

Angle  of  worm 

neare8t32d  cal- 

thread* tooth 

culated  value).. 

1.75" 

4.1035" 

(gashing 

or  4  A" 

angle) 

3«56'60" 

3*>56'50" 

Diametral  pitch .  . 

9.4248" 

9.4248" 

Width  of  top  of 
worm  thread 

.1118" 

Throat  dia 

3.9258" 

Center  distance 

2.6257" 

2.6257" 

Throat  radius 

.6628" 

Hob  marked . . . 

.3333"  P. 

Clearance  radius 

singleR.H. 

(}  dia.  of  hob- 

Hob    (outside) 

clearance)  

.8917" 

dift 

1.7634" 

Addendum 

.1061" 

.1061" 

Lubricant 

Lard  oil 

Dry.  or 
lardoU 

Keyway 

A"XA" 

i"Xi" 

*  If  the  angle  is  more  than  18°,  it  is  advisable  to  use  the  formulas  for  spiral 
gears,  although  gear  manufacturere  do  not  always  follow  this  rule. 
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PHOSPHOK    I  I    A     I  * 
BRONZE      *  '/     >     I  ^      «• 
BLANK Jj^O^^^-t"*r^ 


g  «N 


W  CO    _. 


Fia.  31.- 


WORM 

•Drawing  of  Worm  and  Worm  Gear.    Ratio  35  to  1. 


68.  To  prepare  worm-gear  blank  1"  x  4.1036''  diameter, 
35  teeth;  material,  phosphor 
bronze.  Fig.  31. — True  cast- 
ing in  chuck,  drill,  ream,  press 
mandrel  into  hole,  mount  on 
centers,  square  and  turn  to 
size.  Turn  concave  surface, 
or  throat,  with  forming  tool, 
or  rough  out  and  finish  with 
hand  tools  to  templet.  When 
a  worm  gear  is  to  be  cut  with 
a  hob  in  a  bobbing  machine, 
see  pp.  1148,  1162,  the  turn- 
ing of  the  concave  surface  is 
usually  omitted  as  the  hob 
will  cut  the  throat  of  the 
wheel  to  the  proper  size  and 
shape.  Bevel  comers  and 
cut  keyway.  Fig.  32.  — Gashing  Worm  Gear. 
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69.  To  gash  worm  gear,  universal  milling  machine.     Fig.  32. 

Specifications:  Material  phosphor-bronze  worm-gear  blank,  finished 
1"  X  4.1035"  diameter  for  35  teeth. 

Machines  and  tools:  Universal  milling  machine,  index  head  and  cen- 
ters, gashing  cutter. 

Speed:  2d  or  3d  speed,  or  60  F.P.M.    Hand  vertical  feed. 

Lubricant:  Dry  or  lard  oil. 

SCHEDULE  OF  OPERATIONS 


L  Preparatory  '  adjustments. 
Place  gashing  cutter  A  on  arbor 
B  to  cut  in  direction  of  rotation 
and  clamp  hard.  Fasten  index 
head  and  footstock  in  horizontal 
alinement  on  table. 

n.  Set  cutter  centraL  Set  swivel 
table  at  zero  and  cutter  central, 
as  A',  Fig.  32. 

in.  Arrange  index.  Arrange  in- 
dex for  35  teeth. 


Fia.  33.  —  Setting  ISwivbl  Table 
TO  GAsmNQ  Anqlb  for  Wobm 

trSAR. 


IV.  Mount  gear  blank  on  centers. 
Press  mandrel  C  into  blank  D 
and  mount  on  centers,  securing 
dog -&  in  driver  by  screw  F.  Raise 
knee  and  move  table  until  cutter 
fits  concave  part  of  blank.  Lower 
knee  and  set  swivel  table  at 
4^  the  angle  of  teeth.  Clamp 
table. 

V.  Gash  blank.  Start  machine 
and  raise  knee  until  gear  blank 
touches  revolving  cutter.  Set 
vertical  dial  at  zero,  raise  knee 
slowly,  sinking  cutter  to  depth 
of  roughing  cut  .220".  Set  ver- 
tical stop.  Lower  knee,  index 
and  raise  knee  to  stop  and  cut 
next  gash.  Continue  process  un- 
til all  teeth  are  gashed. 

Attention.  —  If  the  machine  has 
a  vertical  stop,  set  it  for  depth  of 
gash  after  the  first  cut  and  feed 
up  against  it  for  each  gash;  other- 
wise, use  the  vertical  dial  to  obtain 
the  depth. 


HOBBING  WORM  GEAR 

70.  To  hob  worm  gear,  universal  or  plain  milling  machine. 
Fig.  34. 

Specifications:  Material,  phosphor-bronze  worm-gear  blank,  finished 
1"  X  4.1035",  with  35  teeth  gashed. 

Machines  and  tools:  Universal  or  plidn  milling  machine,  index  head 
and  centers.    If"  X  2"  right-hand  hob,  3  threads  per  1". 

Speed:  1st  or  2d  speed,  or  40  F.P.M. 

Lubricant:  Dry  or  lard  oil. 


Digitized  by  VjOOQ IC 


HOBBING  WORM  GEAR 


1147 


SCHEDULE  OF  OPERATIONS 


I.  Preparatory  adjustments. 
Place  bob  A  on  arbor  B  to  cut  in 
direction  of  rotation ,  and  clamp 
bard.  Fasten  index  bead  and 
foot^tock  in  borizontal  alinement 
on  table.  Set  swivel  table  at  zero. 
Set  top  of  knee  to  center  line  on 
vertical  slide  wbicb  alines  tbe 
index  centers  witb  macbine  spin- 
dle, tben  set  vertical  dial  at  zero. 

n.  Mount  gear  blank  on  two 
dead  centers. 

Press  mandrel  C  into  blank  D,  oil 
botb  center  boles,  lower  knee  and 
moimt  on  two  dead  centers  witb- 
out  dog  so  tbat  bob  will  drive  gear. 

HL  Set  hob  central.  Raise  knee 
and  adjust  table  by  long,  and 


cross  feeds  until  bob  is  central 
by  measurement  witb  gasbed 
gear,  tben  clamp  long,  and  cross 
feeds.  ' 

ly.  Obtain  depth  of  teeth.  Start 
macbine  and  raise  knee  slowly 
until  bob  begins  to  cut  and 
after  each  revolution  of  gear  raise 
knee  a  little.  Repeat  imtil  dis- 
tance between  top  of  knee  and 
center  on  vertical  slide  equals  cen- 
ter distance  of  worm  and  gear. 
Tbis  distance  ma^  be  measured 
witb  a  rule  from  top  of  knee  to 
center  line  on  vertical  slide  or, 
more  accurately,  witb  rule  for  tbe 
2"  and  vertical  dial  for  tbe  deci- 
mal .6258". 


Information, — Hobs  with 
relieved  teeth  same  as  formed 
milling  cutters  are  obtain- 
able to  order  only.  Depth 
of  teeth  equals  working 
depth  of  worm  plus  one 
clearance,  plus  allowance  for 
grinding. 

Attention.  —  In  Fig.  34, 
gear  is  driven  by  hob  mak- 
ing it  necessary  to  gash  gear, 
but  on  gear-hobbing  ma- 
chines or  attachments  where 
gearis  drivenby  hobbing-ma- 
chine  spindle,  gashing  may 
be  omitted.    See  Fig.  35. 


Fig.  34.  —  Hobbing  Worm  Geab  in 
MiLUNo  Machinb. 


THREADING  WORMS 
71.  To  make  worm  li"  x  2'^  3  threads  to  1'';  material, 
machine  steel  (to  be  case-hardened).  Fig:  31.  —  True  blank 
in  chuck,  drill,  ream,  press  mandrel  into  hole,  mount  on  centers, 
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square  and  turn  to  size.  Arrange  gears  for  3  threads  to  1". 
As  worm  is  same  angle  as  29°  thread,  rough  thread  with  29** 
rough-threading  tool  similar  to  square  thread  tool.  To  finish 
thread,  use  29°  finish-threading  tool,  with  point  .1033"  wide. 
Cut  keyway. 

Attention.  —  Worm  threads  are  milled  in  milling  machines  or 
thread  millers  with  formed  cutters,  see  Thread  Miller,  p.  1048; 
or  cut  in  a  hobbing  machine. 

BOBBING  GEARS 
72.  Automatic  gear  hobbing  machines  are  used  to  cut  and 

generate  worm,  spur,  and  spiral  gears.  —  The  spiral  hob,  as 

shown  at  A,  Fig.  35, 
by  which  the  gear  is 
cut  and  generated, 
may  be  considered 
a  rack.  Each  row 
of  teeth  when  set 
at  the  helix  angle, 
forms  the  shape  of 
a  rack  tooth  with 
straight  flanks.  By 
rotating  the  hob  in 
unison  with  the  gear 
blank,  so  as  to  ro- 
tate the  gear  blank 
the  exact  distance 
of  the  pitch  to  be 

cut  for  each  revolution  of  the  hob,  the  curve  of  the  tooth  is 

formed  or  generated.    The  pitch  or 

lead  of  the  thread  on  the  hob  is  the 

same  as  the  pitch  of  the  required 

gear.   Only  one  hob  is  necessary  for 

all  gears  and  pinions  of  the  same 

pitch.    The  hob  spindle  and  table 

are  connected  by  change  gears  to 

give  the  proper  ratio  between  pitch  ^iq.  36.  — Hob  for  Generat- 

or  lead  of  hob  and  pitch  of  required      ing  Worm,  Spur  and  Spiral 

gear. 


Fig.  35.  —  Gear-Hobbing  Machine. 


Gears. 
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75.  A  standard  hob  is  shown  in  Fig.  36.  The  high-speed 
or  carbon-steel  hob  blank  may  be  threaded  in  a  lathe  or  thread 
miller.    See  p.  1048. 

For  standard  involute  gear  teeth,  the  hob  is  cut  With  a  29° 
threading  tool  or  cutter;  and  for  standard  stub  teeth,  with  40° 
threading  tool  or  cutter. 

The  hob  is  grooved  in  a  milling  machine  and  the  teeth  "  backed 
off"  or  relieved  in  a  backing-off  or  relieving  machine,  or  lathe 
with  a  relieving  attachment.  See  pp.  lSte2-1286.  The  first 
two  or  three  teeth  of  a  hob  are  naturally  weak  and  they  are 
rounded  off  to  prevent  breaking.  The  hob  is  hardened  and 
tempered,  and  may  be  sharpened.    See  p.  824. 

74.  Grinding  hobs.  —  For  very  accurate  work  the  teeth  are 
ground,  after  hardening,  with  a  special  grinding  machine. 

76.  Worm  gears  (often  called  worm  wheels)  are  hobbed 
or  generated)  as  in  Fig.  37. 


^VQflM    GEAR    BLilNR 

c 


Fig.  37.  —  Hobbinq  Worm  Gear  in  Automatic  Gear-Hobbing 
Machine. 

Hob  A  is  keyed  to  horizontal  hob  spindle  B  at  right  angles  to 
the  axis  of  the  gear  blank.  One  tooth  in  the  hob  is  set  in  line 
with  the  center  axis  of  the  gear  blank,  by  a  centering  gage. 

Worm  gear  blank  C  is  fastened  securely  on  vertical  arbor  D 
and  rests  on  table  E. 

The  table  carrying  gear  blank  is  driven  by  a  large  worm  gear 
below  the  table.  Ajq  automatic  gear  feed  moves  the  table  and 
gear  blank  toward  the  hob.  The  hob  spindle  and  work  table 
are  connected  by  a  train  of  change  gears  which  determines  the 
exact  ratio  of  speeds  between  gear  blank  and  hob.  During  th^ 
cutting  process  all  moving  parts  revolve  steadily  in  one  direction. 

Tables  and  formulas  are  used  to  obtain  the  proper  change 
gears  for  any  combination  of  hob  and  gear  and  feed. 
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Attention.  —  The  operation  is  practically  the  same  as  hobbing 
a  worm  gear  in  a  milling  machine,  see  Fig.  34,  except  that  tbe 
positive  gear  drive  of  the  gear  blank  makes  gashing  the  gear 
blank  unnecessary.  It  also  makes  it  unnecessary  to  turn  the 
concaved  surface  or  throat,  as  the  hob  cuts  it  to  the  proper 
diameter  and  shape. 

Information.  —  "Slewing  the  hob."  If  the  correct  hob  for  a 
gear  is  not  obtainable,  a  worm  wheel  may  be  cut  by  using  the 
available  hob  at  a  slight  angle. 

76.  Tapered  hobs,  Fig.  38.  —  Set  worm-gear  blank  A  to 

the  exact  depth  of  the  teeth  or  center  distance,  and  feed  hob  B 

across  the  blank  thereby  generating  the  gear.    The  roughing 

TAwito  HM  B  ^  ^^^®  ^y  ^^®  tapered  teeth  on  the  hob, 

/  and  the  finishing  by  the  f  ullnsize  teeth  at 

the  end. 
CENTER       Attention.  —  A  fly  cutter  may  be  held 
DISTANCE   in  an  arbor  and  fed  across  in  the  same 
i  •    manner  as  the  tapered  hob.    See  Fly 
""    Cutters,  pp.  1103,  1007. 

77.  Lubricant  for  gear  bobbing. — 

Cast-iron  gears  are  hobbed  dry.    Steel 
Fia.38. — Hobbing  Gear  or  bronze  gears  are  lubricated  with  lard 
WITH  Tapered  Hob.       oil  or  a  lubricating  compound. 

78.  Spur  gears  can  be  hobbed  or  generated,  as  in  Fig.  39.  — 
Hob  spindle  A  to  which  hob  B  is  keyed,  is  tilted  to  make  the 
thread  vertical  on  the  front  side  of  the  hob,  by  saddle  C.  This 
setting  is  obtained  by  means  of  a  special  gage.  Gear  blank  D 
is  clamped  tightly  to  vertical  arbor  E  to  prevent  shifting.    The 


Fig.  39.  —  Hobbing  Spur  Gear  in  Automatic  Geaa-Hobbino 
Machine. 
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hob  spindle  and  work  table  are  connected  by  a  train  of  change 
gears  which  determines  the  exact  ratio  of  speeds  between  hob 
and  gear. 

The  hob  is  set  above  the  top  of  gear  blank  at  the  proper 
tooth  depth.  The  gear  blank  is  revolved  and  the  hob  fed 
downward  upon  the  vertical  wajrs  of  the  housing.  The  hob  is 
fed  downward  for  each  rotation  of  the  gear  blank  from  .002" 
to  .015"  depending  upon  the  pitch  of  the  gear.  When  the  cen- 
ter line  of  the  hob  has  passed  the  bottom  edge  of  the  gear,  the 
gear  is  finished.  A  number  of  spur  gears,  up  to  the  capacity 
of  the  machine,  may  be  hobbed  at  one  time. 


Fia.  40.  —  HoBBiNG  Spiral  Gear  in  Automatic  Gear-Hobbing 
Machine. 

79.  Spiral  gears  can  be  hobbed  or  generated,  as  in  Fig.  40. — 
Hob  A  is  keyed  to  horizontal  spindle  B  on  saddle  C  which  is 

tilted  to  the  right  or  left  to  correspond  with  the  tooth  angle. 

The  saddle  is  graduated  to  degrees  and  with  the  aid  of  a  vernier 
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D  can  be  read  to  5  minutes  which  facilitates  accurate  settings 
The  spiral  gear  l^lank  E  is  fastened  to  vertical  arbor  F  on  table  G. 

The  principle  of  "setting  up"  and  "gearing  up"  is  practically 
the  same  as  that  used  on  the  universal  milling  machine  to  cut 
spirals  of  any  kind.    See  pp.  1239-1247. 

To  generate  the  required  tooth  angle,  the  table  is  geared  to 
gain  or  lose  one  complete  revolution  while  the  hob  is  fed  a  dis- 
tance equal  to  the  lead  of  the  spiral  gear.  After  the  machine 
is  set  up  for  bobbing  a  spiral  gear,  the  feed  and  general  processes 
are  the  same  as  for  bobbing  a  spur  gear.  Tables  and  formulas 
are  used  to  obtain  the  proper  change  gears  for  indexing,  for  lead, 
and  for  feed.  Any  number  of  spiral  gears  up  to  the  capacity 
of  the  machine  may  be  bobbed  at  one  time. 


Fig.  41.  —  Hobbing  Worm  in  Automatic  Geae-Hobbing 
Machine. 

80.  Worms  are  practically  spiral  gears,  and  they  may  be 
bobbed,  as  in  Fig.  41.  Worms  may  also  be  milled  by  a  single 
cutter  with  an  automatic  gear-hobbing  machine. 
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Fig.  42.  —  Bevbl  Gear  and  Pinion. 
Ratio  2  to  1. 


BEVEL  GEARING 

81.  Bevel  gears  are  used  to  transmit  rotary  motion  from 
one  shaft  to  another  not  parallel  and  usually  at  right  angles, 
as  in  Fig.  42.  All  parts  of  a  bevel-gear  tooth  are  assumed  to 
converge  at  the  apex  where 
center  lines  of  the  shafts 
intersect  except  when  the 
gears  are  cut  with  rotary 
cutters,  then  the  bottom  of 
the  tooth  is  made  parallel 
to  the  face  of  the  mating 
gear.  See  Drawing  of  Bevel 
Gears,  Fig.  43.  The  tooth 
curves  and  other  specifica- 
tions at  large  end  of  bevel- 
gear  teeth  are  the  same  as 
those  of  a  spur  gear  of  the  same  pitch  whose  radius  is  equal  to 
the  back-cone  radius  of  a  bevel  gear,  as  at  A,  Fig.  43.    See 

also  Fig.  46,  p.  1158.  As  the  dimen- 
sions of  the  teeth  are  proportionally 
smaller  toward  the  inner  end,  the  cut- 
ting of  an  accurate  tooth  is  difficult. 

82.  Bevel  gears  that  are  to  run  at 
uniform  speeds  or  to  transmit  a  large 
amount  of  power  are  first  rough  cut 
with  a  formed  milling  cutter,  then 
finish  planed  in  bevel-gear  generating 
machines.    See  pp.  1172-1174. 

Bevel  gears  may  be  cut  with  formed 
milling  cutters  in  a  milling  machine  or 

_      ^„      ^  „        automatic  machine,  after  which  the 

Fig.  43.  —  Relative  Sizes  ^     .,  .   j  i_     /^t 

op  Bevel  AND  Spur  Geab  ^^**^  ^^  corrected  by  nhng. 

Leaving  Teeth  op  Same       Information.  —  When  bevel  or  miter 

Dimensions.  g^^^  are  to  be  used   principally  to 

transmit  motion  and  not  a  large  amount  of  power,  filing  the 

teeth  may  be  avoided  by  makiag  the  faces  narrower  or 


^•ULz:, 
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by  cutting  the  spaces  deeper  at  the  small  end,  or  by  doing 
both. 

Important.  —  In  order  to  understand  bevel  gearing,  one  should 
have  a  good  knowledge  of  spur  gearing. 


JtXU  Of  TM 


Fio.  44.  —  Diagram  of  Bevel  Gear  and  Pinion. 


FORMULAS  IN  BEVEL  GEARING 

83.  Angle  of  shafts  equals  W.    Number  of  teeth  in  geai 
32)  in  pinion  16;  pitch  (size  of  teeth)  8. 


number  of  teeth 


84.  Pitch  diameter.  — 

Formvla.  —  Pitch  diameter  =   ,.       ,    ,    ..  ir- 

diametral  pitch 

Example,  —  To  find  the  pitch  diameter,  given  number  of 

teeth  32  and  diametral  pitch  8. 

Sdviion.  —  V  =  4",  pitch  diameter. 

86.  Apex  distance  from  the  pitch  circle.  Fig.  44.  — 


Formvla.  —  Apex  distance  =  ^r-r-p 1 — i — nrr 

^  2  X  diametral  pitch 

Vnumber  of  teeth  in  gear*  +  number  of  teeth  in  the  pinion*. 
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Example.  —  Tp  find  apex  distance,  given  diametral  pitch  8, 
number  of  teeth  in  gear  32,  and  number  of  teeth  in  pinion  16. 
Solution.  —  tV  X  35.7771  =  2.23606",  apex  distance. 

86.  Face  is  usually  made  from  ^  to  ^  of  the  apex  distance. 

87.  The  angle  of  the  edge  of  the  gear  or  pinion  is  made  at 
right  angles  with  the  pitch  cone.  This  angle  is  used  in  turning 
the  gear  blank  and  may  be  measured  from  the  pitch  line,  and 
when  measured  from  the  pitch  line  it  is  equal  to  the  center 
angle. 

88.  Diametral  pitch  at  large  end  (size  of  tooth)  is  equal  to 
that  of  a  spur  gear  of  the  same  diametral  pitch  whose  radius  is 
equal  to  the  back-cone  radius  of  the  bevel  gear.  See  pp.  1108- 
1114. 

For  an  8-pitch  gear  the  diametral  pitch  =  8. 

For  an  8-pitch  gear  the  addendum  (gear  or  pinion)  =  .1250". 

5'or  an  8-pitch  gear  the  corrected  addendum  (gear)  =  .1261". 

For  an  8-pitch  gear  the  corrected  addendum  (pinion)  =  .1295". 

For  an  8-pitch  gear  the  corrected  dedendum  (gear)  =  .1457". 

For  an  8-pitch  gear  the  corrected  dedendum  (pinion)  =  .1489". 

For  an  8-pitch  gear  the  clearance  =  .0196". 

For  an  8-pitch  gear  the  working  depth  of  tooth  =  .2500". 

For  an  8-pitch  gear  the  whole  working  depth  of  tooth  =  .2696". 

For  an  8-pitch  gear  the  thickness  of  tooth  at  pitch  line  (gear  or 

pinion)  =  .196". 
For  an  8-pitch  gear  of  32  teeth,  the  chordal  thickness  (gear)  = 

.1961". 
For  an  8-pitch  gear  of  32  teeth,  the  chordal  thickness  (pinion)  = 

.1961". 

Information.  —  The  corrected  addendum  is  found  by  dividing 
the  number  of  teeth  in  the  bevel  gear  by  the  cosine  of  the  center 
angle  and  taking  the  resulting  value  as  the  number  of  teeth  of 
the  spur  gear  that  is  to  determine  the  corrected  addendum;  i.e., 
the  number  of  teeth  in  a  spur  gear  having  a  pitch  diameter  equiv- 
alent to  the  back-cone  circle  of  the  bevel  gear. 
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Note.  —  The  chordal  thickness  of  a  bevel  gear  is  generally 
taken  as  that  of  a  spur  gear  of  the  same  number  of  teeth  and 
pitch. 

89.  Diametral  pitch  at  small  end  (size  of  tooth)  equals  \  to 
^  of  the  dimensions  at  the  large  end.  Therefore,  given  the 
size  at  the  large  end,  the  dimensions  at  the  small  end  are  readily 
found. 

90.  Angle  of  top  or  addendum  angle  is  added  to  the  pitch- 
cone  angle  and  will  give  the  angle  of  the  face  of  the  gear  with 
axis. 

F<nmvla.  -  Tangent  of  addendum  angle  =    ^^^f^-  . 
D  apex  distance 

Example.  —  To  find  tangent  of  addendum  angle,  given  ad- 
dendum .1250'',  and  apex  distance  2.2361''. 

1250 

Solution.  —  '  o^  =  .0559"  =  tangent  of  angle  of  top.  Tan- 
gent .0559  =  3^  12',  angle  of  top  or  addendum  angle. 

Note.  —  The  face  angle  is  often  given  on  gear  blank  drawings 
from  the  pitch  Une  to  facilitate  turning  the  angle  of  the  blank 
with  a  compound  rest,  see  p.  1189. 

91.  Angle  of  bottom  (dedendum  angle).  — 
Formula.  —  Tangent  of  angle  of  bottom 


apex  distance 

Example.  —  To  find  tangent  of  angle  of  bottom,  given  de- 
dendum .1446",  and  apex  distance  2.23606". 

1446 
Solution.  — ooQfiOA  ~  .06467,"  tangent  of  angle  of  bottom. 

Tangent  ,06467  =  the  angle  of  3*'  42',  angle  of  bottom. 

92.  The  cutting  angle.  — 

Formula.  —  Cutting  angle  =  center  angle  —  angle  of  bottom. 
Example.  —  To  find  cutting  angle,  given  center  angle  26**  34' 
and  angle  of  bottom  3*'  42'. 
Solution.  —  26°  34'  -  3°  42'  =  22°  52',  cutting  angle. 
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93.  Outside  diameter.  — 

Formvla,  —  Outside  diameter  «  pitch  diameter  +  2  X 

cosine  pitch-cone  angle 
diametral  pitch 

Example.  —  To  find  outside  diameter,  given  pitch  diameter 
A"y  cosine  of  pitch-cone  angle  .A^12Ay  and  diametral  pitch  8. 

.44724 


iSoiti^um.— 4  +  2  X 


8 


4.112'',  outside  diameter. 


Fig.  45.  —  Drawing  of  Bbvbl  Gbabs.    Ratio  2  to  1. 

M.  To  find  the  center  angle  or  angle  of  pitch  cone,  Fig.  44. — 

Formvla.  —  Tangent  of  center  angle  of  pinion  = 

pitch  diameter  of  pinion       ,         number  of  teeth  of  pinion 
pitch  diameter  of  gear  '  number  of  teeth  of  gear 

Example. — To  find  tangent  of  center  angle,  given  pitch 
diameter  of  pinion  2"  and  pitch  diameter  of  gear  4''. 
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Solution.  —  I  =  .5000  tangent  of  center  angle.  ReferriDg  to 
tables  of  natural  trigonometrical  functions,  we  find  opposite 
.5000  the  angle  of  26°  34',  center  angle  of  pinion. 

Formula.  —  Center  angle  of  the  gear  = 


180^— 2  X  center  angle  of  pinion     ,     ,^o  ^  i     0 
5 — — ,  also  90° — center  angle  of 


pmioiL 


Example.  —  To  find  center  angle  of  gear,  given  angle  of  ISO** 
and  center  angle  of  pinion  26°  34'. 

Solution. 1 — 2 ==  ^^  26',  center  angle  of  gear. 

Note.  —  In  compiling  these  formulas.  Brown  A  Sharpens 
Formulas  In  Gearing  was  used  as  standard  authority. 

Miier  gears.  —  A  pair  of  bevel  gears  whose  diameters,  angles, 
and  number  of  teeth  are  the  same,  are  called  miter  gears  and 
both  may  be  cut  with  the  same  cutter. 


CUTTING  BEVEL  GEARS 

96.  To  select  cutter  for  cutting  bevel  gears. — When  ordering 
cutters  for  bevel  gears,  give  exact  specifications:  Pitch,  number 
of  teeth  in  bevel  gear  and  pinion,  length  of  face,  and  angle  of 
shafts.  Fig.  46. 

Measure  back-cone  radius  AB  for  the 
gear,  or  BC  for  the  pinion.    This  is  equal 
to  the  pitch  radius  of  a  spur  gear  the  num- 
ber of  teeth  in  which  would  determine  the 
cutter  to  be  used.    Hence,  twice  AB  times 
the  diametral  pitch  equals  the  number  of 
^'''ba^  C^^^'"''''  teethforwhichthecuttershouldbeselected 
for  the  gear. 
Example.  —  To  find  the  number  of  cutter  for  a  bevel  gear  of 
32  teeth,  8  pitch  with  a  back-cone  radius  of  4.4375". 

Solution.  —  2  X  4.4375"  X  8  =  71  teeth.  From  table  of 
range  of  cutters  it  will  be  seen  that  71  comes  between  55  and 
134  teeth,  the  range  covered  by  a  No.  2  cutter. 
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The  cutter  for  pinion  can  be  selected  by  using  the  same  for- 
mula. 

Example.  —  To  find  the  number  of  cutter  for  a  bevel  pinion 
of  16  teeth,  8  pitch  with  a  back-cone  radius  of  1.125'^ 

.  Sclutian.  —  2  X  1.125"  X  8  =  18  teeth.  From  table  of  range 
of  cutters,  it  will  be  seen  that  18  comes  between  17  and  20  teeth, 
the  range  covered  by  a  No.  6  cutter. 


INVOLUTE  CUTTERS  FOR  BEVEL  GEARS 


No.  1  will  cut  wheels  from  135  teeth  to  a 

rack. 

"  2       " 

55 

t( 

« 

134  Teeth. 

"  3       " 

"            35 

tt 

tt 

54     " 

(1  ^       « 

"            26 

U 

tt 

34     '' 

"  5       " 

"           21 

u 

tt 

25     " 

"  6       " 

17 

(t 

tt 

20     " 

«  17       « 

14 

(t 

tt 

16     " 

"  8       " 

"            12 

It 

tt 

13     " 

These  involute  bevel-gear  cutters  (no  other  system  is  used 
for  cutting  bevel  gears  with  rotary  cutters)  are  .005"  thinner 
than  the  space  at  the  small  end  of  the  tooth,  or  thin  enough  to 
cut  bevel  gears  whose  faces  are  not  over  one-third  the  apex  dis- 
tance. The  tooth  at  the  inner  end  is  not  less  than  two-thirds 
the  standard  thickness  and  height. 

The  number  of  teeth  for  which  the  cutter  should  be  selected 

Na 
can  also  be  found  by  the  following  formula:    tan  a  =»  t5t  • 


Number  of  teeth  to  select  cutter  for  gear  = 
Number  of  teeth  to  select  cutter  for  pinion  = 


Na 
cos  a' 

Nb 
sin  a 
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96.  Table  for  obtaining  set-over  or  trial  distance  for  cutting 
bevel  gear. 


No.    OF 

3 

3i 

3) 

3i 

4 

4J 

41 

4i 

5 

6i 

6 

7 

8 

Cutter. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

.254 

.254 

.255 

.256 

.257 

.257 

.257 

.258 

.258 

.259 

.260 

.262 

.264 

2 

.266 

.268 

.271 

.272 

.273 

.274 

.274 

.275 

.277 

.279 

.280 

.283 

.284 

3 

.266 

.268 

.271 

.273 

.275 

.278 

.280 

.282 

.283 

.286 

.287 

.290 

.292 

4 

.276 

.280 

.285 

.287 

.291 

.293 

.296 

.298 

.298 

.302 

.305 

.308 

.311 

5 

.280 

.285 

.290 

.293 

.295 

.296 

.298 

.300 

.302 

.307 

.309 

.313 

.315 

6 

.311 

.318 

.323 

.328 

.330 

.334 

.337 

.340 

.343 

.348 

.352 

.356 

.362 

7 

.289 

.298 

.308 

.316 

.324 

.329 

.334 

.338 

.343 

.350 

.360 

.370 

.376 

8 

.275 

.286 

.296 

.309 

.319 

.331 

.338 

.344 

.352 

.361 

.368 

.380 

.386 

To  obtain  set-over  by  above  table  use  this  formula: 

c  ,               Tc     factor  from  table 
Set-over  =  -^ p 

P  =  diametral  pitch  of  gear  to  be  cut. 
Tc  =  thickness  of  cutter  used,  measured  at  pitch  Une. 
Rule.  —  Find  the  factor  in  the  table  corresponding  to  the 
number  of  the  cutter  used  and  to  the  ratio  of  apex  distance  to 
width  of  face;  divide  this  factor  by  the  diametral  pitch  and  sub- 
tract the  quotient  from  half  of  the  thickness  of  the  cutter  at  the 
pitch  line. 
This  amount  can  also  be  found  by  the  following  formula: 

Ratio  of  apex  distance  to  width  of  face  =  r^' 

97.  Set-over  for  a  gear,  32  teeth,  8  pitch.  — 

Example.  —  A  bevel  gear  of  32  teeth,  8  pitch,  63®  26'  pitch- 
cone  angle,  H  face.  These  dimensions  call  for  a  No.  2  cutter 
and  an  apex  distance  of  2.2363''. 

In  order  to  get  the  factor  from  the  table,  the  ratio  of  apex  dis- 
tance with  length  of  face  must  be  known.     This  ratio  for  the 


2  2363 
above  mentioned  bevel  gear  is    '      , 


3.25       Si 


The  factor 


in  the  table  for  this  ratio  with  a  No.  2  cutter  is  .268. 

Next  measure  the  cutter  at  the  proper  depth  a  +  c  for  8  pitch 
which  is  found  in  the  column  marked  "depth  of  space  below 
pitch  line"  in  the  regular  table  of  tooth  parts,  pp.  IIO8-II11,  or 
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dividing  1.157"  by  the  diametral  pitch.    Thus  a  +  c^  .1446". 

Suppose  it  is  found  by  measurement  that  the  thickness  of  the 

cutter  at  this  depth  is  .1259",    This  dimension  will  vary  with 

different  cutters  and  will  vary  in  the  same  cutter  as  it  is  ground 

away,  since  formed  bevel-gear  cutters  are  conmionly  provided 

with  side  relief |    By  substituting  these  values  in  the  formula 

Tc      factor  from  table  ^^    r  n      •            ii.-i.x-j  .1259 
-s p the  foUowmg  result  is  obtamed,  — ^ 

.268 

'—Q-  =  .02945'^  set-over  which  is  the  required  dimension. 

98.  The  set-over  for  a  pinion  may  be  obtained  by  using  the 
same  formula. 

Example.  —  A  bevel  pinion  of  16  teeth,  8  pitch  23°  22'  pitch- 
cone  angle,  H"  face.  These  dimensions  call  for  a  No,  6  cutter 
and  an  apex  distance  of  2,2363". 

T,.        .-    f     ^u-      -  -      -    2.2363      3.25        3i 
The  ratio  for  this  pimon  is  -^3==-  =  — :;—  or  -p« 

.Oo75  1  1 

The  factor  in  the  table  for  this  ratio  with  a  No.  6  cutter  is  .318. 

Assuming  the  cutter  to  measure  .1259"  at  the  proper  depth, 
by  substituting  these  values  in  the  formula  the  following  result 
is  obtained: 

lip  -  :^  =  .0232"  setK>ver. 

^  o 

99.  Rule  for  obtaining  rotation  of  bevel-gear  blank. — 

Some  consider  it  safer  to  take  several  trimming  cuts  on  the  teeth 
of  a  trial  blank  to  obtain  correct  settings  which  may  be  noted 
and  duplicated  on  the  gear;  others  obtain  approximate  rotation 
as  follows: 

Finish  one  side  of  tooth,  move  table  an  amount  equal  to  twice 
the  set>-over  and  rotate  blank  to  follow  cutter  an  amount  suffi- 
cient to  thin  the  tooth  to  the  required  thickness.  Applying 
this  to  the  gear  we  have  .02945  X  2  +  .1963  =  .1293",  or  the 
amount  which  the  pitch  line  must  be  rotated. 

A  rotation  of  7  holes  in  a  17-hole  circle  gives  a  movement  at 
the  pitch  line  of  the  gear  of  .1294". 

For  the  pinion  we  have  (.0232  X  2)  +.1963  -  .1259  =  .1168" 
or  the  amount  which  the  pinion  must  be  rotated,  and  a  move- 
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ment  of  .1168^'  is  obtained  by  a  rotation  of  32  holes  in  a  43-hole 
circle. 

100.  To  cut  bevel  gears  with  formed  gear  cutters  it  is  neces- 
sary to  know  the  following  data: — Pitch  and  number  of  teeth; 
the  whole  depth  of  tooth  spaces  at  both  ends  of  teeth;  the 
thickness  of  teeth  at  the  pitch  line  at  both  ends;  the  height  of 
teeth  above  the  pitch  line  (or  addendum)  at  both  ends;  the 
cutting  angle/  that  is  the  angle  at  which  to  set  index  head  on 
milling  machine,  or  cutter  slide  carriage  on  automatic  gear  cut- 
ting machine;  number  of  cutter;  approximate  set-over  of  blank 
and  approximate  rotation  of  blank;  and  whether  milling  ma- 
chine or  gear  cutter  is  to  be  used. 

101.  Cutting  angle.  —  It  may  be  noted,  Fig.  44,  that  the 
cutting  angle  of  the  gear,  60°  14',  measured  from  the  horizontal 
or  axis  of  gear,  is  the  same  as  face  angle  of  pinion;  and,  inversely, 
the  cutting  angle  of  pinion,  23°  22',  is  the  same  as  face  angle 
of  gear.  See  p.  1153.  This  gives  a  parallel  clearance,  that  is, 
the  line  of  the  bottom  of  the  tooth  is  parallel  to  the  face  of  the 
mating  gear  and  it  does  not  pass  through  the  cone  apex  or  com- 
mon point  of  the  axes.  The  process,  the  number  of  cutter,  and 
the  approximate  set-over  must  also  be  known. 

The  process  of  cutting  a  bevel  gear  with 
a  formed  gear  cutter:  First  measure  out- 
side diameter  of  blank,  angles  and  length 
of  face>  and  if  correct,  securely  fasten 
blank  on  mandrel  or  arbor,  then  scratch 
whole  depth  of  space  at  large  end  with 
depth  of  gear  tooth  gage,  see  Fig.  50. 
Fasten  cutter  on  arbor  central,  and  cut 
one  space;  then  index  and  cut  second 
space  which  produces  a  tooth  which  is  a 
Uttle  too  thick.  Now  move  the  blank 
the  trial  distance  off  center  A,  Fig.  47, 
then  rotate  the  blank  in  the  same  direction  as  the  set-over,  as 
at  fi,  until  the  cutter  just  touches  the  side  of  the  tooth  at  the 
small  end,  and  allow  the  cutter  to  pass  through  again.  See 
pp.  1160,  1161,  1165,  1167. 


Fig.  47. — TRiMMiNa 
Side  op  Tooth. 
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Index  blank  for  next  space  and  make  the  same  settings  on  the 
other  side  of  center  and  trim  the  second  side  of  tooth.  Measure 
thickness  of  tooth  at  both  ends  and  make  corrections.  If  by 
measurement  both  ends  are  a  little  too  thick,  but  proportional, 
rotate  blank  and  make  trial  cuts  until  tooth  is  of  correct  thick- 
ness at  both  ends.  If  too  thick  at  large  end  and  right  at  small 
end  increase  setK)ver,  but  if  too  thick  at  small  end  and  right  at 
large  end,  the  setK)ver  must  be  decreased  and  the  process  re- 
peated on  another  tooth. 

After  determining  the  proper  amount  to  set  blank  out  of 
center,  the  teeth  can  be  finished,  without  making  a  central  cut, 
by  cutting  all  the  teeth  with  the  blank  set  out  of  center,  first 
on  one  side  and  then  on  the  other. 

To  prevent  the  teeth  being  too  thin  at  either  end,  it  is  im- 
portant, after  cutting  once  around  with  blank  out  of  center,  to 
give  careful  attention  to  the  rotative  adjustment  of  the  gear 
blank  when  setting  the  cutter  for  trimming  the  opposite  sides 
of  the  teeth. 

The  finished  spaces  of  teeth  are  not  always  of  the  form  that 
the  cutter  might  be  expected  to  make  them,  for  the  reason  that 
the  blank  must  be  set  ofif  center  and  rotated  to  make  the  teeth 
and  spaces  right  at  each  end. 

Warning.  —  Movement  made  on  one  side  of  tooth  must  be 
made  on  the  other  side,  otherwise  the  tooth  will  not  be  central. 

Information,  —  On  cast-iron  gears,  6-pitch  and  coarser,  and 
on  all  steel  gears  it  is  best  to  make  one  central  cut  all  around  the 
blank,  then  two  trimming  cuts  one  on  each  side  of  teeth. 

Attention.  —  As  cutting  the  first  tooth  is  largely  experimental, 
it  is  best  for  a  student  to  use  a  trial  blank  and  make  a  record  of 
data  obtained. 

102.  To  file  bevel-gear  teeth,  it  is  necessary  to  file  the  faces 
of  the  teeth  sUghtly  above  the  pitch  line  at  the  small  ends,  as  the 
cutter  is  selected  for  the  outUne  of  tooth  at  large  end  thus  leav- 
ing the  tooth  at  the  small  end  too  thick  at  the  point.  Use  5'^ 
or  6",  number  0  or  1,  barrette  (smooth-back),  or  half-round  2d 
cut  or  bastard  file.  Assume  that  the  tooth  curve  AB,  Fig.  48, 
at  the  large  end  is  correct  and  the  small  end  CD  is  correct  up  to 
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pitch  line.  File  both  sides  of  each  tooth  circular  and  tapering 
as  at  AE  and  A'E'  from  top  at  large  end  down  to,  or  nearly  to, 
pitch  line  at  small  end. 

Mount  gears  in  testing  machine  or  fit  two  shafts  to  an  angle 
plate.    Place  gears  on  shafts  and  run  by  hand.    Use  a  little 


Fig.  48.  —  Dotted  Linbb 
SHOWiNa  Where  to  File 
Bevel-Gear  Tooth. 


Fig.  49.  —  Cutting  Bevel  Gear. 


Prussian  blue  or  a  mixture  of  red  lead  and  oil  on  teeth  and  make 
further  corrections  by  filing  high  places  as  indicated  by  bearing. 
Repeat  process  until  bearing  is  along  pitch  line,  then  fit  the 
gears  to  place  in  machine  by  squaring  off  hubs.  See  Testing 
Gears,  p.  1182. 

103.  To  cut  bevel  gear  and  pinion  with  milling  machine, 
Fig.  49.. 
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SPBCIFICATIONS  FOR  CUTTINO  BBVBL  GEAR  AND 
PINION,  Fig.  49 


Name. 

Gbab. 

Pinion. 

Name. 

Gkab. 

Pinion. 

Material . . . 

C.  iron 

C.  iron 

Thickness  of 
tooth  at  P.  L. 

large  end 

.196" 

.196" 

W  — Web.. 

Web 

Plain 

Thickness  of 
tooth  at  P.  L. 

small  end. . . . 

.137" 

.137" 

Style 

Bevel 

Bevel 

Depth  of  tooth 
at  P.  L.  large 
end.   (Adden- 

dum)  

.126" 

.126" 

Hole. 

1" 

r 

Depth  of  tooth 
at  P.  L.  small 
end.   (Adden- 

dum)  

.0866" 

.0866" 

O.dU 

4.111" 

2.224" 

Chordal    thick- 
ness at  large 

end 

.1961" 

.1961" 

Face 

H" 

w 

Chordal    thick- 
ness at  small 

end 

.1368" 

.1358" 

HubdU.... 

H" 

IJ" 

Corrected  adden- 
dum at  large 

end 

.1261" 

.1293" 

No.  of  teeth. 

32 

16 

Corrected  adden- 
dum at  small 

end 

.0873" 

.0895" 

Diametral 

Center  angle. . . 

63«26' 

26*34' 

pitch 

8 

8 

Face  angle 

23«  22' 

60*14' 

P.dia 

4" 

2" 

Cutting  angle. . 

60O14' 

23*  22' 

Depth    of 

Apex  distance  at 

tooth  at 

P.L 

2.2363" 

2.2363" 

large  end . 

.2696" 

.2696" 

Cutter   marked 
Speed 

#2-8  P. 

#5-8  P. 

Depth        of 

1st  or  2d 

speed   or  60 

tooth  at 

F.P.M. 

small  end 

.1867" 

.1867" 

Feed. 

Medium   ] 
.007"  pt 

power  feed  -^ 

Br  cutter  revo- 

lution 

Approx.  set- 

over 

.0294" 

.0232" 

Keyway 

i"  X  i" 

lt"  X  A" 

Approx.    in- 

7 holes 

32  holes 

Lubricant 

Dry 

Dry 

dex  setting 

in  17- 
hole 

in43- 
hole 

circle 

circle 

Attention.  —  It  is  best  to  leave  bevel-gear  hubs  long  to 
allow  for  squaring  to  place. 
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SCHEDULE  OF  OPERATIONS  FOR  GEAR 


L  Preparatory  adjustments. 
Place  cutter  A  on  arbor  B  to  cut 
in  direction  of  arrow  so  as  to  cut 
from  small  end  to  large  end  of  tooUi, 
then  clamp  hard.  Fasten  index 
head  in  table.  Set  swivel  table 
at  zero. 

n.  Set  cutter  central.  Place 
pointed  center  in  index  head  and 
set  cutter  central,  as  at  A',  Fig. 
49,  and  cross-feed  dial  at  zero. 

nL  Mount  trial  blank  on  arbor. 
Remove  center  and  mount  trial 
blank  C  on  stub  arbor  D  and  drive 
arbor  lightly  into  index-head 
spindle. 

IV.  Arrange  index.  Arrange  in- 
dex for  32  teeth  and  set  index 
head  at  angle  60"*  14^ 


Fig.  50. —  Marking  Depth  on 
Bevel-Gear  Blank. 

V.  Obtain  depth  of  teeth.  Mark 
depth  line  A  with  gage  B,  Fig.  50, 
for  large  end  of  teeth.  Start 
machine,  elevate  knee  and  with 
power  feed  cut  first  space  to 
depth,  two  or  three  cuts.  Adjust 
table  dog  to  trip  feed  at  end  of  cut. 
Move  blank  back  until  clear  of 
cutter,    index    and    cut    second 


space.  Cutting  two  spaces  cen- 
tral produces  a  tooth  that  is  a 
little  too  thick. 


Fig.  61.  —  Dotted  Iases  Snow- 
ma  Where  to  Trim  Bbvbl- 
Gear  TooiH. 

VL  Trimming  bevel-gear  tooth. 
Move  table  back  until  blank  is 
clear  of  cutter.  Move  cross  slide 
inward  .0294",  revolve  blank  out- 
ward toward  cutter,  7  holes  in  43- 
hole  cirdte  and  trim  first  side  of 
tooth.  See  A,  Fig.  51.  Move 
blank  back  clear  of  cutter  and 
cross  slide  back  to  zero;  index  to 
first  space,  then  move  outward 
.0294"  and  revolve  blank  inward 
toward  cutter,  4  holes  second  side 
of  tooth.     See  B,  Fig.  51. 


BCVCL  GEAR  BLANK 

52.  —  Mbaburino  Thickness 
OP  BeveltGear  Tooth  with 
Vernier  Caliper. 
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Vn.    Test   ffaickness  of    tooth. 

Caliper  tooth  at  both  ends  with 
g^ar-tooth  vernier,  Fig.  52,  or 
gage,  Fig.  53.  To  measure  thick- 
ness of  gear  tooth  with  vernier, 
Fig.  52,  adjust  until  vertical  scale 
is  the  addendum  distance  from 
ends  of  jaws,  then  adjust  sliding 
jaw  to  tooth  and  the  horizontal 
scale  will  show  thickness  of  tooth 
at  pitch  line.  See  Vernier  Prin- 
ciple, pp.  2ll,  2l2,  1113. 

Make  corrections  if  necessary 
by  changing  set-over  or  index  set- 
ting, or  both,  and  take  trial  cuts 
until  tooth  is  correct  at  both  ends. 


Fio.  63.  —  Testing  Thickness 
OP  Bevel-Geab  Tooth. 


VUL  Cut  82  teeth.  Remove 
trial  blank  from  arbor  and  mount 
gear  blank.  Move  cross  slide 
inward  .0294"  off  center,  or  the 
amount  found  to  be  correct,  and 
cut  all  aroimd.  Move  table  back 
until  blank  is  clear  of  cutter. 
Move  cross  slide  outward  the 
same  amount  on  other  side  of 
center,  revolve  blank  inward 
toward  cutter  14  holes  and  cut  all 
around  second  time,  which  com- 
pletes gear. 

Warning.  —  To  obtain  accurate 
settings,  move  table  to  correct 
position  by  always  keeping  the 
backlash  on  the  same  side,  move 
table  out  a  half-turn  or  so  and 
then  advance  it  to  the  correct 
dial  reading  when  necessary. 

Informaiion.  —  For  coarse 
pitches  or  very  accurate  gears, 
allowance  should  be  made  for  the 
curve  of  the  pitch  circle  when 
measuring  thickness  of  tooth  by 
obtaining  the  "corrected  adden- 
dum" and  "chordal  thickness." 


104.  Trial  mefhod  of  obtaining  data  for  set-over  and  rota- 
tion for  cutting  bevel  gears.  —  In  the  absence  of  data,  cut  two 
spaces;  then,  take  as  a  trial  distance  for  set-over  from  one-sixth 
to  one-eighth  thickness  of  tooth  on  pitch  line  at  large  end. 
Rotate  blank  and  move  table  until  stationary  cutter  enters 
space  and  touches  side  of  tooth  at  small  end  and  cut  through, 
then  return  and  index. 

Move  blank  same  amount  out  of  center  on  other  side  and 
rotate  blank  until  cutter  touches  other  side  of  tooth  at  small 
end.  Cut  through  and  measure  tooth  at  both  ends  then  pro- 
ceed as  on  p.  1163. 
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CUTTING  BEVEL  GEAR  IN  AUTOMATIC  GEAR-CUTTING 

MACHINE 

106.  To  cut  bevel  gear  and  pinion  witli  automatic  spur-  and 
bevel-gear  cutting  machine,  Fig.  54.  —  The  information  given 
in  the  schedule  for  cutting  a  bevel  gear  in  a  milling  machine  is 
needed  when  cutting  a  similar  bevel  gear  in  an  automatic  gear- 
cutting  machine  and  is,  practically,  used  in  the  same  manner 


Fig.  54.  —  Cutting  Bevel  Gear.    Automatic  Spur-  and  Bevei/- 
Gear  Cutting  Machine. 


except  that  the  cutter-slide  carriage  on  the  automatic  gear- 
cutting  machine  is  set  to  the  cutting  angle  instead  of  the  in- 
dex head  on  the  milling  machine,  and  the  cutter  is  set  off  center 
instead  of  moving  the  gear  blank.  See  pp.  1169-1168.  This 
type  of  machine  is  also  used  to  "rough  out'*  bevel  gears  that 
are  to  be  finished  by  planing  or  by  generating  processes.  See 
pp.  1171-1177. 
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SPECIFICATIONS  FOR  CUTTING  BEVEL  GEAR  AND  PINION, 

Fig.  54 


Namb. 

Gbab. 

Pinion. 

Nams. 

OSAR. 

Pinion. 

Material 

Machine 

Machine 

Depth  of  tooth 

steel 

steel 

at  P.L.  large 
end.       (Ad- 

dendum) . . . 

.1000" 

.1000" 

W  — Web 

Web 

Plain 

Depth  of  tooth 
at  P.L.  small 
end.       (Ad- 

dendum) . . . 

.0676" 

.0676" 

Style 

Bevel 

Bevel 

Circular  pitch. 

large  end. . . 

.314" 

.314" 

Hole 

1" 

1" 

Chordal  thick- 
ness at  large 

end 

.157" 

.167" 

0.  diam 

6.074" 

2.186" 

Chordal  thick- 
ness at  small 

end 

.106" 

.106" 

Face 

r 

r 

(Ik)rrected    ad- 
dendum    at 

hirge  end . . . 

.100" 

.103" 

Hub  diam 

2" 

(rough) 

11" 

Corrected    ad- 
dendum    at 

small  end . . . 

.0676" 

.0696" 

Backing-tip     of 

lA" 

w 

Center  angle. . 

68«  12" 

210  48' 

tooth  to  back 

of  hub 

Teeth 

60 

20 

Face  angle 

19M1' 

66*>6' 

Diametral  pitch 

66<»6' 

19»  41' 

at  large  end  . 

10 

10 

Approz.    diam- 

etral    pitch 

at  P.L 

2.6926" 

2.6926" 

at  small  end . 

14.8 

14.8 

P.  diam 

5" 

2" 

Cutter  marked 

#2-10  P. 
Bevel 

#6-10  P. 
Bevel 

Depth  of  tooth 

Rev.  for  cutter 

60 

60 

at  large  end. . 

.216'' 

.216" 

Depth  of  tooth 

Feed  per  min- . 

2" 

2" 

at  small  end.'. 

.146" 

.146" 

Thickness        of 

Keyway 

i"  X  i" 

A"XA" 

tooth  at  P.L., 

large  end 

.1571" 

.1671" 

Thickness        of 

Lubricant 

Dry 

Lard  or 

tooth  at  P.L., 

an  oil 

small  end.... 

.1060" 

.1060" 

solu- 
tion 
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SCHEDULE  OF  OPERATIONS  FOR  BEVEL  GEAR 


Arrange  index  change  gears. 

Test  work  arbor  Ay  Fig.  54. 

Mount  gear  blank  B. 

Mount  and  adjust  the  support- 
ing arm  C 

Mount  cutter  D  and  set  central 
with  center  indicator.  See  p. 
1121. 

Set  cutter  slide  E  to  cutting 
angle. 

Lower  head  F  approximately. 

Mark  depth  of  tooth  with  gage. 

Arrange  rim  rest  G, 

Arrange  speed  and  feed  gears. 

Arrange  reversing  dogs  to  give 
length  of  cut. 

Start  machine.  Throw  in  feed 
and  move  carriage  imtil  cutter 
cuts  to  depth  line  (two  or  three 
cuts).  Clamp  carriage  before 
each  trial  cut. 

Adjust  stop  that  limits  carriage 
travel. 

Throw  in  automatic  index  and 


feed.  Cut  two  spaces  to  produce 
a  tooth.  Throw  out  index  and 
feed. 

Move  index  gear  around  by 
hand. 

Measure  dimensions  of  tooth 
at  both  ends  with  gear  tooth  ver- 
nier caliper.  Make  corrections 
by  setting  cutter  off  center  first 
on  one  side  then  on  the  other,  re- 
volving gear  (by  moving  index 
wheel)  and  taking  trial  cuts  until 
tooth  is  of  correct  thickness.  See 
pp.  1121,  1162. 

After  the  amount  of  set-over 
of  cutter  and  index  wheel  rotation 
are  obtained,  cut  gear  with  two 
cuts.  First  cut  all  around  blank 
with  cutter  set  over  to  right  of 
central  line,  then  take  second  cut 
all  around  with  cutter  set  to  left 
of  central  line  with  proper  index 
wheel  rotation.  See  pp.  1121, 
1162. 


Attention,  —  Pinion  \a  cut  in  the  same  manner  as  gear. 

PLAIHNG  BEVEL  GEARS 

106.  The  planing  process  is  largely  used  to  produce  bevel 
gears  of  precision.  —  In  a  correctly  formed  bevel-gear  tooth, 
the  curvature  of  the  sections  from  end  to  end  is  not  uniform; 
therefore,  a  formed  milling  cutter  will  not  produce  an  accurate 
tooth.  The  planing  process  shapes  each  tooth  correctly  to  the 
cone  lines,  thus  insuring  an  accurate  tooth-contour.  The  tool 
always  travels  at  the  correct  angle  of  the  gear  from  the  top  of 
the  tooth  to  the  root.  The  small  end  of  the  tooth  is,  therefore, 
in  proportion  to  the  large  end. 

107,  To  rough  out  teeth  of  bevel-gear  blanks.  —  While 
bevel-gear  generators  are  capable  of  planing  finished  gears  from 
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smooth  blanks,  they  are,  primarily,  precision  machines  that 
take  the  finishing  cuts  to  produce  accurate  tooth-contour; 
therefore,  it  is  best  to  first  rough  out  the  teeth  with  a  milling 
cutter  in  an  automatic  gear-cutting  machine,  or  in  a  milling 
machine. 


Fig.  55.  —  Genbratinq  Bevel  Gear  in  Automatic  Fobmer 
Bevel-Gear  Planer. 

108.  Single-tool  automatic  former  bevel-gear  planer,  Fig. 
55,  shows  the  method  of  planing  the  teeth  of  bevel  gears  by  the 
former  or  templet  principle.  The  formers  or  templets  are  made 
in  a  former  generating  machine.  The  tool  is  reciprocated  by  a 
quick  return  crank  motion. 

To  finish  plane  the  curved  sides  of  the  teeth  of  bevel-gear 
blank  A,  templet  B  guides  tool  C  to  plane  the  surplus  stock  from 
the  side  of  one  tooth.  The  machine  then  automatically  in- 
dexes to  the  next  tooth,  and  so  on  imtil  one  side  of  each  tooth  is 
finished.  The  reverse  templet  D  is  then  brought  into  position, 
and  the  opposite  side  of  each  tooth  is  finish  planed  to  cor- 
rect thickness. 

AUention.  —  Straight  templet  E  may  be  used  to  rough  out 
the  teeth. 
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109.  Action  of  tool  and  gear  blank.  —  The  gear  blank  re- 
mains stationary.    The  templet  holder  F,  Fig.  55,  is  set  to  the 
cutting  angle.    The  templet  curve  is  larger  than  the  tooth 
^^^^         ^   ^  curve  to  allow  for  the  distance 

\j^^  /  it  is  from  the  cone  center.    Tool 

^^  -^^^  C,  Fig.  56,  guided  by  its  sUde 

travels  toward  the  apex  of  the 
cone.  The  tool  cuts  with  its 
point  only. 

110.  The  forming  process  is 

obtained  by  means  of  a  cam 

Fig.  56.  — Generating  Action  op  ^j  ^  dotted  link  motion:  the 

SiNOLB-TooL  Automatic  Bevei/*  i      j   •  _l«     « 

Geab  FoBioiB  Plan™.  ^"^  ^  «7°8  verticaUy  upon 

its  axis,  and  simultaneously,  the 
roll  runs  on  the  templet  swinging  the  tool  about  its  horizontal 
axis  which  reproduces  the  desired  form  on  the  tooth. 


BEVEL-GEAR  GENERATING  MACHINES 

111.  Two-tool   automatic    generating   bevel-gear   planer, 

Fig.  57.  —  The  teeth  of  blank  A  are  finished  with  a  pair  of  cut- 
ting tools  which  plane  simultaneously  opposite  sides  of  the 
same  tooth.  After  one  tooth  is  finished,  the  machine  auto- 
matically indexes  to  the  next. 

112.  The  action  of  gear  blank  and  tools.  —  The  tools,  A,  A^ 
Fig.  58|  represent  a  cross  section  of  two  adjacent  teeth  of  a 
circular  rack  or  crown  gear. 

The  tools  are  guided  by  the  slides  so  that  they  travel  toward 
the  apex  of  the  gear  cone.  The  motions  of  gear  blank  and  tools, 
as  indicated  by  arrows  B  and  C,  cause  the  tools  to  move  "out" 
and  "in"  as  the  rolling  motion  passes  the  center,  thereby 
generating  the  curves  on  both  sides  of  a  gear  tooth.  While  one 
tool  cuts  on  the  forward  stroke,  the  other  cuts  on  the  backward 
stroke,  as  at  DE. 

lis.  The  generating  process  of  the  two-tool  automatic 
generating  bevel-gear  planers.  —  Bevel-gear  blank  A,  Fig.  57, 
is  mounted  upon  a  spindle  which  is  permanently  attached  to 
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a  semicircular  arm.    To  this  arm  a  removable  segment  of  a 
master  gear  is  fastened  which  meshes  with  a  permanent  sector 


Fia.  57.  —  Generatino  Gear  in  Two-Tool  Automatic 
Generating  BbveltGear  Planer. 

of  a  circular  rack  or  crown  gear;  this  crown  gear  is  connected 
with  the  cutter  slides  and  in 
line  with  them.    These  cutter 
slides  can  be  set  to  any  angle 
and  size  of  tooth. 

The  rolling-generating  mo- 
tion of  the  arm  and  gear  blank 
is  obtained  from  a  cam  mech- 
anism and  a  slotted  link.  The 
cutters  have  a  crank-shaper 
motion.  Automatic  indexing 
is  obtained  by  a  worm  and  Fig.  58.  —  Generating  Action  op 
worm  wheel  and  change^ear      Tw<>-Tool  Automatic  Generat- 

-       .  °    **  ING  Bevbl-Gear  Planer. 

mechamsm. 

114.  Automatic  generating  bevel-gear  shaper.  Fig.  59.  — 
This  machine  consists  of  two  principal  parts,  —  shaper  A  which 
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operates  cutting  tool  C,  and  generating  head  B  which  controls 
the  movements  of  gear  blank  D.  Cutting  tool  C  represents  one 
tooth  of  a  circular  rack  or  crown  gear  and  is  given  a  reciprocating 
motion  similar  to  the  cutting  tool  of  a  shaper. 

116.  The  generating  process  of  the  single-tool  automatic 
generating  bevel-gear  shaper.  Fig.  59.  —  The  rolling-generat- 
ing motion  of  the  bevel-gear  blank  past  the  cutting  tool  is 
obtained  by  a  conical  swinging  motion  of  the  arbor  simul- 
taneously with  the  rotation  of  the  blank  produced  by  two  steel 
tapes  stretched  in  opposite  directions  and  fastened  to  a  seg- 
ment of  a  master-cone  corresponding  to  the  pitch  cone  of  the 
gear  blank  and  attached  to  the  arbor.  The  other  ends  of  the 
tapes  are  attached  to  the  frame  work  of  the  generating  head. 


Fio.  59.  —  Automatic  Bbvei/-Gbar  Generator  Shapbr. 
Single  Tool. 

The  combination  of  these  movements  generates  the  involute 
curve. 

The  feed  mechanism  gives  a  slow  intermittent  movement  to 
the  semicircular  plate  which  supports  the  inclined  arbor  and 
produces  a  progressive  rolling  of  the  blank  while  the  tool  planes 
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the  side  of  a  tooth.    Automatic  indexing  is  obtained  by  worm 
and  wheel  and  change  gears. 

GENERATING  BEVEL  GEARS  WITH  MILLING  CUTTERS 

116.  Automatic  bevel-gear  generating  machine.  Radial 
teeth  milling  cutters.  Fig.  60.  —  Bevel  gears  can  be  cut  or 
generated  with  milling  cutters  providing  the  cutters  are  made 
to  follow  the  path  of  a  circular  rack  or  crown  gear  tooth. 

In  this  machine  two  milling  cutters,  with  staggered  interlock- 
ing radial  teeth,  cutting  simultaneously,  are  used. 


Fig.  60.  —  Genebatinq  Bevel  Gear  wtth  Rotary  Cttttebs. 

117.  The  generating  process  of  the  automatic  bevel-gear 
generating  machine  which  cuts  bevel-gear  teeth  with  milling 
cutters.  —  The  interlocking  cutters  A  and  fi.  Fig.  60,  are 
mounted  upon  separate  spindles  at  the  desired  pressure  angle 
and  also  at  the  required  angle,  to  form  the  sides  of  the  two  ad- 
jacent teeth  of  the  bevel  gear.  The  bevel-gear  blank  C  is 
fastened  to  a  mechanism  similar  to  a  milling  machine  dividing 
head  which  is  mounted  upon  a  sector  and  set  to  the  cutting 
angle.  The  blank  is  fed  to  the  revolving  cutters  to  the  proper 
depth,  then  rolled  to  the  right  and  left  past  these  revolving  cut- 
ters to  generate  the  tooth  curves.    The  rolUng-generating  mo- 


Digitized  by  VjOOQ IC 


1176 


ADVANCED  MACHINE  WORK 


tion  is  obtained  by  gears  and  a  crank  mechanism.  Th**  cutters 
remain  stationary. 

The  work  spindle  is  provided  with  an  indexing  mechanism 
which  operates  automatically. 

118.  Spiral  bevel  gears.  Fig.  61,  are  used  for  automobile 
drives,  and  machines  where  high  speeds  and  extremely  quiet 
running  are  desired.  The  engagement  of  the  teeth  is  gradual. 
Instead  of  striking  a  full  line  contact  at  once,  they  roll  6n  to  each 
other:  One  pair  of  teeth  is  engaging  while  the  preceding  pair  is 
still  in  contact,  similar  to  other  forms  of  spiral  gearing. 


Fig.  61.  —  Spikal  Bevel  Gear  and  Pinion.    Ratio  3 A  to  1. 

119.  Automatic  spiral-type  bevel-gear  generating  machine. — 

Fig.  62  shows  the  bevel-gear  blank  and  cutter  in  position.  The 
cutter  is  in  the  form  of  a  face  mill,  and  is  set  at  the  same  radius 
as  the  gear  teeth,  and  passes  through  the  blank  in  a  curved  path. 
Spiral  bevel  pinion  A,  with  teeth  roughed  out,  is  mounted  upon 
its  arbor  for  finishing.  The  rotary  cutter  head  has  20  staggered 
inserted  cutters  fi,  B,  B,  which  in  cross  section  are  similar  to  the 
teeth  of  a  circular  rack  or  crown  gear.  They  are  set  at  a  radius 
to  give  the  required  curve  to  the  teeth  —  ten  for  the  curve  of 
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the  outside  of  a  tooth  and  ten  for  the  curve  of  the  inside  of  a 
tooth.  To  generate  the  tooth  curve,  both  cutter  head  and  gear 
blank  roll  together  by  means  of  a  geared  drive.  The  machine 
is  set  to  cut  one  side  of  one  tooth  after  which  it  automatically 
indexes  to  the  next  tooth  and  continues  this  process  until  all  are 
cut.  Then  the  machine  is  set  to  cut  the  other  side  of  a  tooth 
to  the  required  thickness;  and  so  on,  until  all  are  automatically 
finished  i^  the  same  manner. 


Fia.  62.  —  CuniNQ  Spiral  Bevbl  Pinion. 

lao.  To  **  rough  out  "  or  ''  stock  out ''  spiral  bevel  gears, 

special  cutters  are  needed.  The  generating  motion  is  used  in 
rough-cutting  the  pinion.  In  the  gear,  the  sides  of  the  teeth 
are  so  flat  and  so  nearly  straight  that  the  generating  motion  is 
omitted. 
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121.  Comparison  between  standard  involute  teeth  and  stab 
teeth  is  shown  in  Figs.  63,  64.  —  Involute  teeth  have  a  pres- 
sure angle  of  14§^,  as  in  Fig.  63,  in  which  two  standard  involute 
spur  gears  are  shown  in  mesh,  as  at  A,  and  a  gear  engaging  a 
rack,  as  at  B. 


Fia.  63.  —  Standard  Involute  Spur  Gears  and  Rack. 

Stub-tooth  spur  gears  generally  have  a  pressure  angle  of  20®, 
as  in  Fig.  64,  in  which  two  stub-tooth  spur  gears  are  shown  in 
mesh  as  at  il,  and  gear  engaging  rack,  as  at  B. 

These  gears  are  largely  used  in  automobile  transmissions 
where  strength  is  the  main  consideration.  A  table  of  stub- 
tooth  proportions  is  shown  on  p.  1179. 


STUB  >PU»  aCAfI 

A  "^  ^^ ST 

Fig.  64.  —  Stub  Spur  Gears  and  Rack. 


122.  Table  of  Tooth  Dimensions,  20""  stub-tooth  system.  — 

The  figures  denoting  the  diametral  pitch  of  the  stub  tooth  are 
stated  in  the  form  of  a  fraction,  the  first  figure  indicating  the 
pitch  or  thickness  of  the  tooth,  and  the  second  the  depth.  For 
example,  a  i  stub  tooth  has  the  thickness  of  a  6  pitch  tooth  of 
14^^  and  the  depth  of  an  8  pitch  tooth,  the  pressure  angle 
generally  being  20®. 


Digitized  by  VjOOQ IC 


STUB-TOOTH  GEARS 


1179 


DiAMBTRAL 
PiTCk. 

Thickness  of 
Tooth. 

Addbndum. 

CUDAJLANCB. 

Whole  Depth 
OF  Tooth. 

. 

.3927 

.2000 

.0500 

.4500 

i 

.3142 

.1429 

.0357 

.3214 

1 

.2618 

.1250 

.0312 

.2812 

1 

.2244 

.1111 

.0278 

.2500 

*t 

.1963 

.1000 

.0250 

.2250 

A 

.1745 

.0909 

.0227 

.2045 

i 

.1571 

.0833 

.0208 

.1875 

n 

.1309 

.0714 

.0179 

.1607 

123.  A  pair  of  stub-tooth  sliding  spur  gears  is  shown  in  Fig. 
65.— 


Fig.  65.  —  Stub-Tooth  Slioinq  Spur  Geabs  with  Tbbth  Rounded 
AT  Ends.    Used  for  Automobilb  Transmission. 

These  gears  are  largely  used  in  automobile  transmissions  and  in 
some  machine  tools.  They  are  made  of  steel  and  are  heat 
treated.  See  Principles  of  Machine  Work,  The  ends  of  the 
teeth,  as  at  A  and  B,  are  rounded  with  a  cutter  in  a  milling 
machine  or  with  a  special  cutter  in  a  tooth-rounding  machine. 
The  rounded  teeth  readily  permit  an  end  or  sliding  engagement 
while  in  motion,  as  shown  at  A'  and  B'.  The  center  distance 
is  not  changed  as  is  the  case  with  pointed  gears. 
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124.  Pointed-tooth  gears,  Fig.  66,  are  designed  to  engage 
readily  with  each  other  while  in  motion.  They  are  usually 
made  of  steel  and  heat  treated. 

Gear  A  is  moved  toward  gear  B.  The  points  of  gear  A  readily 
enter  the  spaces,  or  mesh  with  gear  B.    Under  a  light  load,  these 


Fig.  66.  —  Pointbd-Tooth  Gears.    Easy  Enqaqemisnt. 
Adjustable  Center. 


gears  may  be  run  at  variable  center  distances.  They  are  often 
called  adjustable  spur  gears.  At  C  the  gears  are  shown  at  full 
mesh,  running  with  their  pitch  circles  tangent  to  each  other. 

Warning.  —  Do  not  attempt  to  make  standard  gears  mesh 
while  in  motion  as  the  back  gears  of  an  engine  lathe,  for  the 
wide  tops  of  the  teeth  may  come  together,  as  at  D,  which  usually 
breaks  the  teeth  and  ruins  the  gears. 


Digitized  by  VjOOQ IC 


NOISELESS  GEARS 


1181 


NOISELESS  GEARS 


126.  Noiseless  Gears.  —  While  gearing  is  undoubtedly  an 
ideal  method  of  power  transmission,  the  noise  produced  by  the 
metal-to-metal  contact  of  high-speed  gear  transmissions  is  a 
soiux^  of  annoyance.    This  noise  and  vibration  can  be  greatly 


A  B 

Fia.  67.  —  Noiseless  Geabs. 

reduced  by  the  substitution  of  a  ''noiseless  pinion"  made  of 
rawhide,  compressed  cotton,  or  fiber,  as  at  A  and  B,  Fig.  67. 
The  contact  of  metal  with  a  soft  material  is  nearly  noiseless,  or 
at  the  most  produces  only  a  low  hum.  These  gears  are  made 
with  steel  or  bronze  flanges  at  the  sides,  as  at  C  and  D,  which 
may  or  may  not  form  part  of  the  working  surface,  and  often 
with  metal  centers.  The  flanges  and  soft  material  are  drilled 
and  riveted  or  bolted  together.  The  hole  is  bored  and  reamed, 
the  blank  turned  in  the  lathe,  and  the  teeth  cut  by  the  same 
process  as  metal  gears. 
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TESTING  GEARS 

126.  To  test  a  spur  gear  in  the  spur-gear  testing  machine, 

Fig.  68.  — 


Fia.  68.  —  Testing  Center  Distance  op  Spur  Gear  and 
PmioN  IN  Spur  Gear  Tbstinq  Machine. 


This  machine  is  used  to  test  spur  gears  to  determine  whether 
they  have  correct  bearing  and  run  quietly  at  the  correct  center 
distance  for  which  they  were  designed. 

The  gear  to  be  tested  is  adjusted  to  mesh  with  a  master-gear, 
that  is,  a  gear  that  is  known  to  be  accurately  cut  or  ground. 

Mount  master-gear  A  on  stud  B  and  spur  pinion  C  on  stud  D. 
Rub  a  little  Prussian  blue  or  red  lead  on  the  teeth  of  the  master- 
gear  and  bring'  the  gears  together  by  moving  slide  E  and  clamp- 
ing with  handle  F.  Rotate  master-gear  and  feel  for  eccen- 
tricity, noting  the  amount  of  bearing  on  the  teeth.  Read  slide 
G  and  vernier  ff ,  which  reads  to  thousandths  of  an  inch,  to  see 
if  center  distance  is  within  the  required  limit.  If  the  center 
distance  is  too  great,  the  spaces  of  the  pinion  may  be  cut  deeper. 
A  very  small  amount  of  eccentricity  in  the  pinion  may  be  cor- 
rected by  filing  the  teeth  as  indicated  by  the  bearing  on  the  teeth, 
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see  pp.  1163, 1164.  A  large  amount  of  eccentricity  shows  that 
the  arbor  on  which  the  pinion  was  cut  was  not  true.  Hardened 
and  ground  steel  bushings  J  and  studs  are  used  for  gears  with 
holes  of  different  sizes.    The  studs  are  released  by  handle  K. 

Attention.  —  Bevel  and  miter  gears  may  be  tested  as  in  Kg. 
69,  and  spiral  and  worm  gears  as  in  Fig.  70. 

127.  Power  driven  bevel  gear  testing  machines  for  bearing 
and  qitietness.  — 

Heat  treated  and  pack  hardened  bevel  gears  may  be  tested 
for  bearing  and  quietness  with  the  bevel-gear  testing  machine, 
as  shown  in  Fig.  69.  These  two  conditions  go  together  in 
straight-tooth  gears. 


Fig.  69.  —  Testing  Hardened  Bevel  Gears  for  Bearing  and 
Quietness. 

Mount  gear  A  and  pinion  B  on  suitable  arbors  on  the  machine 
and  adjust  to  proper  positions  so  that  the  theoretical  cone 
apices  coincide.  If  the  blanks  have  been  turned  within  close 
limits,  set  the  back  angles  flush  with  each  other  and,  by  eye, 
adjust  for  depth  engagement  using  the  hand  wheels  C  and  D, 
then  lock  the  heads.  Rub  a  marking  of  Prussian  blue,  or  red 
lead,  on  the  tooth  surfaces.  Apply  power  to  pulley  E  on  pinion 
spindle  and  adjust  weight  F  on  lever  of  brake  on  gear  spindle  to 
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obtain  desired  load.  If  the  pinion  tooth  has  been  topped  ofiF 
too  much  in  cutting,  it  will  have  to  be  moved  nearer  to  run 
quietly.  If  the  pinion  is  flanked  out  too  much,  it  will  have  to 
be  moved  outward.  The  amount  of  variation  permissible  for 
high-speed  gears  is  from  .002"  to  .003". 

128.  Lapping  gears.  —  Gears  made  of  suitable  steel  and  cut 
accurately  ia  suitable  machines  and  properly  heat  treated,  sel- 
dom need  correction;  but  gears  made  of  unsuitable  steel,  or 
improperly  heat  treated,  may  warp  excessively  in  pack  harden- 
ing. 

Slight  irregularities  in  a  pair  of  hardened  gears  are  sometimes 
corrected  by  running  them  together  with  a  fine  abrasive  and  oil. 

Information,  —  Different  types  of  test  indicators  are  often 
fastened  to  the  movable  slide  to  determine  eccentricity  or  tooth 
irregularities. 


Fig.  70. — Testing  Cbntbb  Distance  of  Worm  and  Worm  Geab. 
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BEVEL  PROTRACTOR 
129.  Comparative  Table  of  Tooth  Dimensionsi  gears  cut 
in  a  gear  shaper,  and  milled  gearsi  14|^  system. 


Diame- 

Thick- 

Whole Depth. 

Adden- 

tral 

ness  or 

dum. 

Gbab 

Geab 

PrrcH. 

Tooth. 

Shaper 

Milled 

Shaper 

Milled 

Gbab. 

Gear. 

Gear. 

Gear. 

1 

1.5708 

1.0000 

.2500 

.1571 

2.2500 

2.1671 

li 

1.0472 

.6667 

.1047 

1.4381 

2 

.7854 

.5000 

.0785 

1.0785 

21 

.6283 

.4000 

.0628 

.8628 

3 

.5236 

.3333 

.0524 

.7190 

4 

.3927 

.2500 

"!6625' 

.0393 

!6625' 

.5393 

5 

.3142 

.2000 

.0500 

.0314 

.4500 

.4314 

6 

.2618 

.1667 

.0417 

.0262 

.3750 

.3595 

7 

.2244 

.1429 

.0357 

.0224 

.3214 

.3081 

8 

.1963 

.1250 

.0312 

.0196 

.2812 

.2696 

0 

.1745 

.1111 

.0278 

.0175 

.2500 

.2397 

10 

.1571 

.1000 

.0250 

.0157 

.2250 

.2157 

12 

.1309 

.0833 

.0208 

.0131 

.1875 

.1798 

14 

.1122 

.0714 

.0179 

.0112 

.1607 

.1541 

16 

.0982 

.0625 

.0156 

.0098 

.1406 

.1348 

18 

.0873 

.0555 

.0139 

.0087 

.1250 

.1198 

20 

.0785 

.0500 

.0125 

.0078 

.1125 

.1079 

22 

.0714 

.0455 

.0114 

.0071 

.1023 

.0980 

24 

.0654 

.0417 

.0104 

.0065 

.0938 

.0899 

26 

.0604 

.0385 

.0096 

.0060 

.0865 

.0829 

28 

.0561 

.0357 

.0089 

.0056 

.0804 

.0770 

30 

.0524 

.0333 

.0083 

.0052 

.0750 

.0719 

32 

.0491 

.0312 

.0078 

.0049 

.0703 

.0674 

Thickness  of  tooth =  1.5708  4-  diametral  pitch. 

Addendum «  1.0000  -r-  diametral  pitch. 

Clearance,  gear  shaper  gear  . .  »  0.2500  -?-  diametral  pitch.  ' 

Clearance,  milled  gear =  0.1571  -r  diametral  pitch. 

Whole  depth,  gear  shaper  gear  »  2.2500  -r-  diametral  pitch. 

Whole  depth,  milled  gear =»  2.1571  -r  diametral  pitch. 

130.  Bevel  protractor.  —  -4,  Fig.  71,  is  used  to  establish 
and  test  angles.  It  is  graduated  into  360  divisions  called 
degrees.  The  degree  is  the  unit  of  angular  measurement,  ^^ 
part  of  a  circle.  For  calulation  a  degree  is  divided  into  60  parts 
called  minutes  and  a  minute  is  sub-divided  into  60  parts  called 
seconds. 
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Fig.  71.  —  Meaburinq  Angle  of  Lathe  Center.    Bevel  Prck 

TRACTOR. 


M-^ 


Fig.  72.  —  Measuring  Angle  of  Twist  Drill.    Bevel  Protractor 

The  protractor  consists  of  beam  fi,  graduated  dial  C  and 
blade  D  which  is  connected  to  rotating  disk  E  by  thumb-nut 
F  and  clamp  G.  Disk  E  carries  zero  point  (0).  Blade  D  is 
adjustable  and  reversible  and  may  be  clamped  at  G.  Dial 
C  is  divided  into  four  quadrants  of  90°.    When  zero  lines 
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on  dial  C  and  disk  E  coincide,  the  beam  and  blade  are  parallel 
and  the  angle  is  180^. 

131.  To  measure  angle  with  bevel  protractor. —  For  included 
angles  less  than  180^  and  greater  than  90^,  loosen  thumb-nut 
F  slightly  and  bring  beam  B  and  blade  D  in  contact  with 
work,  as  twist  drill  L,  Fig.  72,  and  subtract  reading  from  180**, 
as  at  M.  For 
angles  less  than 
90%  aslathe 
center  H,  Fig. 
71,  read  di- 
rectly as  at  K. 

Supplemen- 
tary beam  jB',* 
Fig.  71,  is  con- 
venient  for 
measuring 
small  angles, 
the  angle  being 
obtained  by 
subtracting 
reading  from 
90%  as  90°  - 
60**  =  30%  as  at 
N,  Fig.  76. 

132.  Vernier 
bevel  protrac- 
tor, Fig.  73,  is  Fig.  73.  —  MEAsuBiNa  Anglb  of  Bbvbl  Qbak  Blank 
used  to  meas-  ^""^  Vernier  Bevel  Protractor.  Reads  to  5 
ure  parts  of  a       ^^^^^  <>«  A  of  Degree. 

degree.  A,  A'  is  a  double  vernier  divided  into  12  equal  parts 
each  side  of  zero.  When  reading  angles  less  than  180®  and 
greater  than  90®,  vernier  A  is  used;  for  angles  less  than  90®, 
vernier  A'  is  used. 

The  12  divisions  on  vernier  occupy  same  space  as  23®  on 
dial  B.  This  divides  a  degree  into  12  parts,  each  part  equals 
60  -^  12  =  6  minutes.    See  Vernier  Principle,  pp.  2ll,  2l2. 
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133.  Table  of  tapers  per  foot  with  corresponding  angles  and 
tapers  per  inch. 


Taper 

PER 

Included  Anglk. 

Center  Line. 

Taper  per 
Inch. 

Taper  per  Inch 
FROM  Center 

Foot. 

Line. 

Dec. 

MiN. 

Deo. 

MiN. 

i 

0 

36 

0 

18 

.0104 

.0052 

t 

0 

54 

0 

27 

.0156 

.0078 

1 

12 

0 

36 

.0208 

.0104 

t 

1 

30 

0 

45 

.0260 

.0130 

1 

48 

0 

54 

.0312 

.0156 

t 

2 

6 

3 

.0365 

.0182 

2 

24 

12 

.0417 

.0208 

■h 

2 

42 

21 

.0469 

.0234 

3 

0 

30 

.0521 

.0260 

. 

i 

3 

16 

38 

.0573 

.0286 

■ 

3 

34 

47 

.0625 

.0312 

. 

i 

3 

52 

56 

.0677 

.0338 

• 

4 

10 

2 

5 

.0729 

.0365 

■ 

i 

4 

28 

2 

14 

.0781 

.0391 

1 

4 

46 

2 

23 

.0830 

.0417 

1} 

5 

58 

2 

59 

.1042 

.0521 

li 

7 

10 

3 

35 

.1250 

.0625 

If 

8 

20 

4 

10 

.1458 

.0729 

2 

9 

32 

4 

46 

.1666 

.0833 

2J 

11 

62 

5 

56 

.2083 

.1042 

3 

14 

16 

7 

8 

.2500 

.1250 

3J 

16 

36 

8 

18 

.2016 

.1458 

4 

18 

56 

0 

28 

.3333 

.1667 

4} 

21 

14 

10 

37 

.3750 

.1875 

5 

23 

32 

11 

46 

.4166 

.2083 

134.  To  find  angles  for  given  taper  per  foot — 

Ride:  Divide  one-half  the  taper  in  inches  per  foot  by  12  for 

the  tangent  of  the  angle  with  the  center  line.    The  included 

angle  is  twice  the  angle  with  the  center  line. 
Example.  —  Given  6"  taper  per  foot.    To  find  angle. 

Solution.  —  fy  s^  ^cy  =  .25000  tangent  of  angle  with  center  line. 

The  angle  whose  tangent  is  .25000  (see  Table  of  Tangents 
in  any  Engineers'  Handbook)  equals  14^  2\  Included  angle  » 
14*^  2'  X  2  =  28**  4'. 

136.  To  find  taper  per  inch.  —  Divide  taper  per  foot  by  12 
for  included  angle  and  by  24  for  angle  with  center  line. 
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Fig.  74.  —  Turning  an  Anqlb  with  Compound  Sudb  Rest. 

136.  CompoundrestyFig. 

74,  is  used  to  turn  or  bore 
steep  tapers  or  large  angles. 
It  may  be  a  permanent  part 
of  cross  slide,  as  in  Fig.  74 
or  an  attachment  to  in- 
terchange with  tool  block. 
When  the  eero  lines  co- 
incide, as  at  Fj  Fig.  75,  it 


Fig. 


Fig.  76.  —  Diagram  for  Reading 
Angles. 


75.  —  Compound  Slide  Rest 
Graduation. 

is  in  the  same  plane  as  regu- 
lar cross  slide.  To  set  at 
other  angles,  find  whether 
angle  is  measured  from  per- 
pendicular to  axis,  as  line 
K  GH,  Fig.  76,  or  parallel  to 
axis,  as  line  JK,  If  from 
perpendicular,  as  angle  L, 
set  rest  at  60^.  If  parallel, 
as  angle  M,  set  at  90°  — 
30°  =  60°.  K  30°,  as  at 
JV,  set  direct.  If  60°,  as 
at  P,  set  at  complemen- 
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tary  angle  30^.  If  angle  or  bevel  on  drawing  is  not  given  in 
degrees,  measure  with  protractor  or  transfer  angle  with  uni- 
versal bevel.  Hold  head  of  bevel  against  face  plate  of  lathe  and 
adjust  slide  of  compound  rest  to  coincide  with  blade  of  bevel. 

137.  To  set  compound  rest  to  turn  taper  or  bore  taper  hole 
when  taper  is  given  in  inches  per  foot. — 

First  Method.  —  Consult  table  of  tapers  and  angles  and  find 
angle  corresponding  with  desired  taper. 

Example.  —  To  bore  short  taper  hole  f "  taper  per  foot. 

SohjMon.  —  Angle  with  center  line  for  taper  |"  per  foot  = 
1''30'.  Complement  of  angle  is  90^  -  1^  30'  =  88°  30'  which 
is  Betting  for  this  taper. 

Second  Method.  —  In  absence  of  table  set  rest  approximately, 
and  take  trial  cuts  until  exact  taper  is  obtained. 

138.  To  make  bevel  gear  blank  8  pitchi  32  teeth.  —  For 
specifications;  see  Figs.  45  and  74,  and  p.  1165.  True  cast- 
ing in  chuck,  drill,  ream,  press  mandrel  into  hole,  mount  on 
centers,  square  and  turn  to  size.  Set  compound  rest  A,  Fig. 
74,  for  angle  of  face  B  which  is  23**  22'  from  line  perpendicular 
to  axis,  therefore,  set  compound  rest  A  at  23**  22'  directly. 
Move  carriage  under  blank  and  with  handle  C  move  cross  slide 
D  to  approximate  depth  of  cut  and  clamp  carriage.  Take  one 
or  two  cuts  operating  compound  rest  by  handle  E^  then  test 
bevel  with  bevel  protractor,  as  in  Fig.  73,  and  if  necessary, 
adjust  compound  rest  and  repeat  cuts.  Set  compound  rest  to 
63*  26'  and  turn  outside  bevel  on  back  of  gear  and  with  same 
setting  turn  inside  bevel  to  make  face  B  U"  wide.  Set  com- 
pound rest  at  zero.    Filing  and  polishing  may  be  omitted. 

139.  Fine  tool  adjustments  with  compound  rest.. —  While 
a  finer  tool  adjustment  is  obtained  with  the  compound  rest  than 
with  the  cross  slide  due  to  its  finer  actuating  screw,  a  still  finer 
adjustment  may  be  obtained  by  setting  the  compound  rest  at  an 
angle.  For  example,  we  assume  that  the  compound  rest  is  set 
at  30*.  If  the  tool  is  moved  .001",  according  to  the  micrometer 
dial,  the  actual  distance  the  tool  moves  into  the  work  is  in  pro- 
portion to  the  cosine  of  the  angle  or  .001  X  cos  30**  ^  .001  X 
87  =  .00087".  At  45°  the  depth  is  .00071",  and  at  60**  the 
depth  is  .0006". 
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SECTION  12 

TOOL  MAKING 

Introdisctioii.    MaUng  MandreL    Testing  Lafhe  Work  With  Indicators. 

Thread  Micrometer  Calipers.    Making  Taps.    Making  Plahi  Milling 

Cutter.    Making  Hand  Reamer.    Lapping.    Making  Plug  Gage. 

Measuring  Machine.    Spiral  Milling.    Cutting  Teeth  In  Spind 

MilL     Grooving    Twist    Drill.    Making    Twist    DriU. 

Precision  Methods  of  Locating  Holes  For  Jigs  and 

Accurate  Machine  Parts  —  Plug  Method^  Button 

Method.    Sine  Bar. 

INTRODUCTION 

1.  Tool  making  is  the  fine  art  of  machine  building  and 
manufacturing.  It  consists  of  designing,  making  and  repair- 
ing small  tools,  such  as  taps,  dies,  reamers,  twist  drills,  man- 
drels, arbors,  counterbores,  milling  cutters  and  gages. 

Standard  small  tools  are  obtainable,  but  many  others,  special 
in  diameter,  length  or  shape  including  punches  and  dies,  jigs 
and  fixtures,  needed  in  machine  building,  manufacturing  and 
experimental  work,  are  not  obtainable  and  must  be  made  to 
meet  the  requirements. 

The  processes  of  making  tools  and  making  machine  parts  are 
similar,  but  greater  knowledge  and  acciu'acy  are  generally  re- 
quired in  making  tools  than  in  making  machine  parts. 

While  schedules  of  making  a  number  of  different  types  of  tools 
are  given  in  this  section,  a  large  number  of  tool-making  proc- 
esses may  be  found  in  other  sections  of  both  books  (Principles 
of  Machine  Work  and  Advanced  Machine  Work),  such  as  Hard- 
ening and  Tempering,  Accurate  Filing  and  Scraping,  Drilling, 
Internal,  Surface,  and  Cutter  Grinding,  Planing,  Grooving  and 
Fluting  Taps  and  Reamers,  and  Cutting  Teeth  In  Milling 
Cutters,  Heat  Treatment  of  Steel  and  Autogenous  Cutting. 

2.  Selecting  sizes  of  steel  for  tools. — As  the  surface  of  car- 
bon-steel bar  stock  is  decarbonized  to  some  extent,  and  will  not 
harden  properly,  select  annealed  carbon  steel  i^"  to  i"  large  for 
tools  that  are  to  be  hardened,  and  high-speed  steel  ^"  to  Y'  large. 

1901 
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MAKING  MANDREL 
3.  To  prepare  f^"  standard  mandrel  blank  for  hardening, 
tempering,  and  grinding,  fig.  1. 


D9^  ^,.^ 

Fio.  1.  —  ScHSDULB  Drawing. 

Spedilcations:  Material,  annealed  caifoon  steel  Y  laige;  weight, 
8  oz.    Hardness,  22  to  23  (scleroscope). 

For  heat  treatment  see  Principles  of  Machine  Work, 

True  live  center.    Set  dead  center  in  approximate  alinement. 

Machine  dry  or  use  lard  oil. 

High-speed  steel  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min. — Oil 
lathes,  6  min.  —  Prepare  blank,  65  min.  —  Harden,  10  min.  —  Polish 
and  color  temper,  25  min.  (or  oil  temper,  5  min.)  —  Lap  center  holes, 
8  min.  —  Clean  lathes,  6  min.  —  Total,  1  h.  54  min. 

SCHEDULE  OF  OPERATIONS,   MACHINES  AND  TOOLS 


Opkrationb. 

Machinbs,  Spxxdb, 
Feeds. 

Tools. 

Center  to  A'.  (»).  (»)•    See 
(A).  Rg.  1. 

DriU     1000     RJ>.M., 
countersink        400 
R.P.M. 

ii'  drill,  or  combina- 
tion drill  and  coun- 
tersink, 60«.  Lard 
oil. 

Rough  aqium  to  6i»+  ,fc», 
(3).  (4). 

Engine  lathe,  12*  to 
16^  2d  or  3d  speed, 
or36F.P.M.   Hand 
feed. 

Dog,  side  tool,  or 
holder  and  cutter, 
30"  rake,  calipers, 
rule. 

Heoenter  to  A^  (D,  («)• 

Speed  lathe,  2d  or  3d 
speed. 

Drill,  countersink, 
lard  oil. 

Finish  square  to  length,  (3), 
(4). 

Engine  lathe,   3d   or 
4th    speed,    or    50 
FJ>.M. 

Dog,  side  tool  or 
holder  and  cutter, 
30*  rake,  calipers, 
rule. 
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Rouish  turn  reduced  portions 

to  W  +  A'  («)»    («)» 

one  or  two  cuts.  Do  not 
square  shoulders  but  leave 
fillets  as  shown  to  avoid 
cracking  in  hardening. 

Recess  countersinks  to  ^', 
Angle  2(y»,  (7),  (8).  See 
(B).  Fig.  1. 

Recenter  to  A^  (1)*  (')• 

Finish  turn  reduced  portions, 
(5),  (6)y  one  cut. 


Smooth  turn  body  to  .580^. 
Turn  half  way,  reverse,  and 
turn  other  half,  (9),  one  or 
two  cuts. 


Round  comers,  (10),  (11). 

File  reduced  portions. 

Polish  reduced  i>ortion,  also 
ends  and  recesses  except 
countersinks,  (5),  (6).  See 
pp.  432-434. 

Mill  or  file  and  i>olish  flats, 
(la),  (18). 


RtampsiseA"'  (t4). 


Stamp  name  or  initials  (Iff). 
(FUe  off  burr.) 


2d  or  3d  speed,  or  30 
F.P.M.  Medium 
power  feed  —  80  to 
1'. 


3d  or  4th  speed,  or  fiO 

F.PJi. 
Speed  lathe,  2d  or  3d 

speed. 


Engine  lathe,  3d  or 
4th  speed,  or  50 
F.P.M.  Fine  power 
feed  — 140  to  l^ 


2d  or  3d  speed,  or  30 
F.P.M.  Fine 

power    feed  — 140 
to  I-'. 


Speed  lathe,  3d  or  4th 
speed,  or  200  F.P.M. 

3d  or  4th   speed,   or 
176  F.P.M. 

Speed  lathe,   highest 
speed. 


Millipg  machine,  3d 
speed,  medium  pow- 
er feed. 


Vise. 


Copper  under  set 
screw  of  dog,  dia- 
mond-point tool, 
or  holder  and  cut- 
ter, 30*  rake,  cali- 
pers, rule. 

Side  tool  or  drill  and 
special  countersink. 


Drill,  countersink. 

Copper  under  set 
screw  of  dog,  dia- 
mond-point tool,  or 
holder  and  cutter, 
30^  rake,  calipers, 
rule. 

Micrometer,  copi>er 
under  set  screw  of 
dog,  diamond-point 
tool,  or  holder  and 
cutter,  30''  rake, 
calipers,  rule. 

Oraver  or  file. 


6'  or  8'  mill  bastard 
file. 

Lard  oU,  90  and  120 
emery  doth,  pol- 
ishing stick. 

To  mill,  use  milling 
machine  vise,  par- 
allel piece,  1'  end 
mill,  nile,  lead  ham- 
mer, oil. 

To  file,  use  8'  or  10* 
hand  smooth  and  5' 
half-round,  2d  cut 
files. 

To  polish,  use  oil,  90 
and  120  emery 
cloth. 

^'  steel  figures,  i* 
chisel,  hammer, 
copper  jaws. 

Steel  name  stamp. 
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Harden  in  water  (test  with  file) . 

See  p.  12 17  and  Principles 

of  Machine  Work, 
Temper  in  oU,  or 
Polish  reduced  portions  and 

ends  and  temper  to  dark 

Btraw. 
To  lap  center  holes,  see  p.  1228. 
To  grind,  see  p.  1206. 


Gas  furnace  or  forge, 
1325'  F.  to  1350'  F. 

Oil,  tempering  furnace, 
425*  F.  to  435'  F. 

Gas  furnace  or  forge. 


Tongs,   water,    dead- 
smooth  file. 


Red-hot    iron    rings, 
tongs. 


Important, — The  hardness  of  both  hardened  and  tempered  work 
should  be  tested  with  a  fine  file;  or,  preferably,  given  a  scleroscope  or 
Brinell  hardness  test.    See  Principles  of  Machine  Work, 

Attention,  —  The  hand  tools  may  be  carbon  steel. 

Note.  —  If  not  equipped  with  cylindrical  grinding  machine, 
harden  and  temper  ends  only,  turn  body  slightly  taper  and  file 
to  fit  standard  bole. 
4.  Table  of  standard  mandrel  dimensions. 


It— B     * 

I  LARGE  END 


l-^ 


SMALL  END | 


TAMR.  UM«"  MH  roOT 


Va*       *  ^1  C   )  Ij    MAIIDIIU.t  g  TO  I*.  MM»  BILOW  STANOARO  AT  •MALI.  CNO 

V--FHr ^r9t>.^ 


Fig.  2. 


a 

i 


o 


i 


I 


3i 

3i 

4 

4i 

4i 

6 

6i 

li 

0 

6i 

6i 


is 


f 

A 


tf 


O 

i^ 


2! 
2i 

1} 
I 

4i 

3 


E 


i 
i 

ft 
ft 

I 


r 


ft 
i 
f 

i 


ft 
ft 

s 
I 

ft 

% 


56 
52 
52 
52 
52 
47 
47 
47 
47 
42 
42 
42 


1^ 
o 


^ 


Digitized  by  VjOOQ IC 


MAKING  MANDREL 


1205 


o 


1 

:** 
:? 

lA 
li 
lA 
11 

iH 

2 


I 


61 

7 
7i 

8 
8i 


9 

ei 

3 

10 
10} 

11 


a 


a 

i 


{J 

1 

lA 

li 

!? 

lA 
i» 
lA 

lA 
ij 

!}♦ 


l^ 

U 


6 

6i 

6i 

t! 

e 

6i 

6} 

6J 

6i 

7 

61 

i 

8 

8i 

8i 


E 


I 


8 


42 
42 
42 
38 
38 
38 
38 
38 
38 
28 
28 
28 
28 
28 
28 
28 
28 
28 


^ 


H 


UNlVmSAL  QRINOINQ  MAOHINB 


Fig.  3.  —  Grindinq  a  Mandrel. 
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5.  To  grind  ^^"  standard  mandrel,  taper  .006' 
two  dead  centers,  Figs.  3,  4. 


to  X\  on 


% 


E) 


ORtNO       TMcii.ooc*ror       op    j^^i^ 


FiQ.  4. — Schedule  Drawing. 

Speciflcations:  Mandrel  blank,  carbon  steel  smooth  turned  .580'' 
diameter.  Stamped,  hardened  and  tempered.  Center  holes  (li), 
(17),  lapped. 

Machines  and  tools:  Universal  grinding  machine. 

Grmding  wheel  12"  X  i",  No.  60,  Grade  K  or  L,  vitrified,  grinding 
dog.    Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 

Feed  J  width  of  wheel  per  revolution. 

Oil  bearings  and  two  dead  centers  with  machine  oil. 

Lubricant,  solution  of  sal  soda  and  water. 

Time:  Study  drawing  and  schedule  in  advance,  5  min. — Oil 
machine  and  true  wheel,  7  min.  —  Grind  mandrel  with  machine 
"  set  up,"  20  min.  —  Clean  grinder,  3  min.  —  Total,  35  min.  ("  Set 
up  "  machine  to  grind  correct  taper,  20  min.  extra.) 


SCHEDULE  OF  OPERATIONS 


L  Preparatory  Adjustments. 
True  wheel  (see  p.  709)  and  cen- 
ters (see  p.  710).  Set  zero  lines 
on  headstock  and  swivel  table  to 
grind  desired  taper  approximately. 
See  p.  712.  Arrange  water 
guards.  See  Fig.  10,  p.  715. 
Move  grinding  wheel  back  with 
hand  cross-feed  wheel  8,  to  allow 
space  to  mount  work.  Mount 
mandrel  on  centers  with  grinding 
dog  on  stamped  end  and  with- 
out copper  under  screw.      Start 


grinding  wheel,  work  and  feed, 
1,  2,  3,  and  adjust  table  dogs  6,  7, 
to  obtain  length  of  stroke  and 
avoid  wheel  striking  dog  or  foot- 
stock.  Set  automatic  cross  feed 
11, 12,  to  feed  .0005"  to  .001"  (2 
to  4  teeth  on  ratchet)  at  each  end 
of  stroke. 

n.  Grind  Trial  Diameter  (It), 
Fig.  4.  (Grind  out  tool  marks 
only.)  Move  grinding  wheel  to 
cut  revolving  work  lightly  with 
hand  cross-feed  wheel  8.    Turn 
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on  water  and  throw  in  feed  pawl 
9  to  mesh  with  ratchet  whed  10, 
and  allow  automatic  cross  feed 
to  take  three  or  four  trial  cuts 
whole  length  of  work  to  grind 
out  tool  marks.  Then  throw  out 
pawl  9  and,  without  moving  cross 
feed  allow  wheel  to  pass  over 
work  several  tunes  until  cutting 
nearly  dies  out. 

Stop  wheel,  work  and  feed,  1, 
2,  3,  with  wheel  at  footstock 
end. 


m.  Correct  Taper  (18),  Fig. 
4.  Measure  work  at  two  places 
4"  apart  with  1"  micrometer,  and 
if  taper  is  not  .002"  in  4",  move 
swivel  table  (see  p.  712).  Take 
one  or  two  cuts  with  auto- 
matic cross  feed.  Measure,  and 
repeat  imtil  taper  is  correct.  If 
there  is  danger  thereby  of  grinding 
mandrel  too  small,  use  trial  piece 
same  length. 

IV.  Find  Amount  Oversize. 
Measiu-e  small  end,  subtract  .562" 
+  .002"  for  finishing  from  reading 
of  micrometer. 

For  example,  reading  of  mi- 
crometer may  be  .574",  then 
.574"  -  .564"  =  .010",  or  40 
teeth  for  rough  grinding. 


V.  Set  Automatic  Cross  Feed. 
Raise  perpendicular  latch  13,  in 
head  14,  throw  in  pawl  9  and 
without  moving  cross  feed,  move 
shield  15  to  right  or  left  \mtil  end 
of  shield  and  pawl  are  40  teeth 
apart,  then  drop  latch  13  in 
ratchet  wheel  10. 

VL  Rough  Grind  (19),  .002" 
Large,  as  follows:  Start  wheel, 
work  and  feed,  1,  2,  3,  and  rough 
grind  automatically  imtil  shield 
15  lifts  pawl  9.  Then  lock  latch 
head  14  with  horizontal  latch  16. 
Throw  out  pawl  9  and  allow 
wheel  to  pass  over  work  several 
times  imtil  cutting  nearly  dies 
out.  Stop  work  with  wheel  at 
footstock  end  and  measure. 
From  reading  subtract  .562", 
(.564"  -  .562"  =  .002".) 

Vn.  Finish  Grind  (19),  Fig.  4, 
with  pinch  feed  (i/1000"  in  di- 
ameter of  work),  as  follows: 

Start  work.  Take  two  cuts 
J/1000"  each  (two  pinches  at 
each  end  of  work).  Stop  work 
and  measure  (.5635").  Take  one 
cut  i/1000"  (one  pinch  at  foot- 
stock end  of  work)  and  meas- 
ure, and  repeat  xmtil  work  meas- 
ures .562". 

Lunit  .56200"  to  .56175". 

Clean  machine  with  waste. 


Attention,  —  Machine  steel  is  often  used  for  making  mandrels. 
To  prevent  the  center  holes  wearing  excessively,  the  ends  are  case- 
hardened  after  which  the  mandrel  may  be  ground  or  turned  and  filed 
to  size.  Large  mandrels  are  frequently  made  without  hardening.  To 
avoid  excessive  wear  at  the  center  holes,  the  ends  of  the  mandrel 
may  be  drilled  to  receive  hardened  plugs  which  contain  the  center 
holes. 
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6.  To  make  ^  X  13  U.  S.  S.  nut  mandreL    See  Fig.  5. 


®  ®  ©  ®    ® 


Fig.  6.  —  Schedule  Drawing. 


Spedflcations:  Material,  machine  steel  ^*'  to  }''  large;  weight, 
12  oz. 

Hardness,  15  to  18  (scleroecope). 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil 
lathe,  4  min.  —  Make  mandrel  blank,  1  h.  13  min.  —  Case-harden  and 
polish,  10  min.  —  Clean  machine,  3  min.  —  Total,  1  h.  36  min. 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


Machinss,  Speeds, 
Feeds. 


Tools. 


Centisr. 

See  that  live  center  is  nearly 
true  and  dead  center  in  ap- 
proximate alinement. 

Rough  square  ^\"  long.  (1) ,  (3) . 


Recenter. 

Finish  square  (S),  (1). 
Rough  turn  ^"  large,  (8),  one 
cut.    Turn  half  way,  reverse 
i     and  turn  other  half. 


Engine  lathe,  12''  to 
16". 

3d  or  4th  speed,  or  50 
F.P.M.   Hand  feed. 


2d  or  3d  speed,  or  50 
F.P.M.  Medium 
power  feed  —  80  to 
1". 


Dog,  holder  and  cut- 
ter 35''  rake,  cali- 
pers, rule. 


Holder  and  cutter 
35®  rake,  copper, 
calipers,  rule. 
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Fiaiih  torn  (8) ,  one  cut.  Turn 
half  way,  reverse  and  turn 
other  half. 

Draw  lines  (4),  (#)»  for  length 
of  reduced  parts  (•),  (7). 

Rough  and  flniBh  turn  (•),  one 
or  two  cuts.  Do  not  square 
shoulder,  leave  fillet. 

Cut  groove  (8),  to  i"  diameter 
and  within  ^"  of  line  (8). 

Rough  and  finish  turn  (7), 
terminating  in  groove  (8), 
three  outs. 

Chamfer  end  to  30"*,  (8). 

FUe  (8),  (8),  and  round  comer 
(It). 

Thread  (7),  to  fit  }''  X  18 
U.  S.  8.  nut. 


Rechamfer  end  (8). 
Finish  square  shoulder  (11). 

Mm  flat  (18),  or 
FUe  flat,  (18). 


Stamp  size  V'X  13  U.  S.  S. 
and  on  opposite  side  stamp 
name. 

File  (8),  to  remove  burr  from 
stamping. 


Case-harden  (8),  (T)  and  dean. 
(Poliah  (8)  optional.) 


3d  or  4th  speed,  or  70 
F.P.M.  Fine  power 
feed— 140  to  1". 

Vise,  copper  jaws. 


Engine  lathe,  3d  or 
4th  speed,  or  70 
F.P.M.  Fine  power 
feed  —  140  to  1". 

Ist  or  2d  speed,  or  30 
F.P.M.  Hand  feed. 


3d  or  4th  speed,  or  70 
F.P.M.  Fine  power 
feed— 140  to  1". 

3d  speed,  or  70  F.P.M. 

4th  speed,  or  175 
F.P.M. 

Arrange  for  13 
threads.  Ist  or  2d 
speed,  or  20  F.P.M. 


3d  speed,  or  70  F.P.M. 
Hand  feed. 

Milling  machine.  3d 
speed.  Medium 
power  feed. 

Vise,  copper  jaws. 


Viss,  copper  jaws. 


Hold  mandrel  in  hand 
or  vise. 

Gas  furnace  or  forge, 
1326®  F.  to  1360*  F. 


Copper  sulphate, 
rule,  soriber. 

Copper,  holder  and 
cutter  35**  rake, 
calipers,  rule. 

^"  round  end  groov- 
ing-tool,  calipers, 
rule,  oil. 


Center  gage. 

8"  or  lO''  miU-bas- 
tard  file,  file  card. 

13  pitch  U.  S.  S. 
thread  tool,  cen- 
ter gage,  thread 
calipers,  rule,  oil. 


Holder  and  cutter 
36°  rake. 

V  end  mill,  miUing 
machine  centers  or 
vise,  oil. 

8"  or  10"  hand- 
smooth  and  6" 
half-round  2d-cut 
files,  file  card. 

A"  and  I"  steel  fig- 
ures and  letters^ 
hammer. 

8"  or  10"  hand- 
smooth  file,  file 
card. 

Tongs,  cyanide  of 
potassium  or  prus- 
siate  of  potash, 
water,  hand- 
smooth  file,  waste. 


Exception.  —  Finish  turn  and  file  (3)  may  be  omitted  and  ground 
after  cas&-hardening. 
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TESTING  LATHE  WORK  WITH  INDICATORS 

7.  Test  Indicators,  as  in  Figs.  6,  7,  are  used  to  determine 
the  degree  of  accuracy  of  machine  parts  by  enlarging  the  error 
by  a  multiplying  mechanism  so  that  tifVt"  will  register  about 
xV^'  on  scale  or  dial  which  is  easily  read  and  fractions  thereof 
readily  estimated. 

They  are  used  to  test  the  truth  and  alinement  of  machine 
parts  on  either  interior  or  exterior  work;  as,  the  truth  of  Uve 
centers,  the  alinement  of  dead  centers  to  turn  straight  or 
taper,  the  truth  of  mandrels  and  arbors,  to  set  finished  work 
in  chuck  by  hole  or  side,  to  set  jig  work  on  face  plate  of  lathe, 
to  test  eccentricity  of  shaft  in  straightening,  to  set  cathead 
on  shaft  to  turn  spot  for  steady  rest,  to  test  taper  hole  in 
lathe  or  other  spindles,  to  aline  lathe  heads  in  machine  build- 
ing, to  aline  cross  rail  of  planer,  to  aline  work  on  planer  table, 
to  test  the  accuracy  of  table  with  drill  spindle,  to  test  the 
truth  of  milling  machine  arbor,  to  aline  angle  plates  and 
vises  on  milling  and  planing  machines,  to  set  center  punch 
mark  on  work  true  to  axis  of  rotation  on  face  plate  of  lathe. 

Attention.  —  In  alining  and  setting  machine  tool  fixtures  for  veiy 
accurate  work,  such  as  fine  tool  and  jig  making,  the  vernier  height  gage 
and  the  universal  sine  bar  are  used.     See  pp.  1249,  1263-1265. 

8.  Lathe  test  indicators.  —  Fig.  6  shows  an  indicator  testing 
the  truth  of  a  mandrel  mounted  on  lathe  centers.  Holder  A 
is  held  in  tool  post  B,  the  cross  slide  is  moved  inward  until 
feeler  or  contact  point  C  touches  mandrel  D  as  it  is  being 
revolved  by  hand  and  the  pointer  indicates  on  the  scale  E  the 
amount,  if  any,  in  thousandths  of  an  inch  or  fraction  thereof, 
that  the  mandrel  is  out  of  true.  Feeler  C  is  for  testing  man- 
drels, centers,  etc.,  and  is  removable. 

Feeler  F  is  for  testing  interior  or  exterior  work  and  r^;isters 
either  a  horizontal  or  perpendicular  movement.  Feeler  G  is 
broad  faced  and  is  used  for  testing  the  accuracy  of  a  shaft 
when  filing.  Feeler  H  is  for  small  work,  either  internal  or 
external,  and  for  narrow  spaces. 

See  Indicating  Gages,  p.  1329. 
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Important, — When  setting  the  indicator,  it  is  best  to  move 
feeler  C  against  the  work  until  the  pointer  on  the  scale  is  at 
aero  (0). 


—  PACE  PtATl 


D^ 


Fia.  6.  —  Testing  the  Truth  op  a  Mandbel  With  a  Lathe  Test 
Indicator. 

Fig.  7  shows  the  method  of  setting  a  center  punch  mark  on 
work  true  to  the  axis  of  rotation. 
The  work  is  clamped  lightly  to  the 
face  plate  in  an  approximate  posi- 
tion. Spring  plimger  A  is  in- 
serted in  center  punch  mark  B  and 
mounted  on  dead  center  C.  The 
work  D  is  revolved  by  hand  and 
the  truth  of  the  plunger  is  tested 
with  the  indicator.  The  work  is 
adjusted  by  rapping  until  plunger 
A  is  motionless  when  the  work  is 
revolved. 

9.  Dial  test  indicator. — Fig.  8 
shows  a  dial  test  indicator.  To 
enlarge  the  hole  in  gear  A  which  is  mounted  in  chuck  B, 


Fig.  7.  —  Setting  a  Center 
Punch  Mark  True  to  Axis 
OP  Rotation  with  Lathe 
Indicator. 
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the  indicator  is  used  to  test  the  truth  of  hole  preparatory  to 
boring  and  reaming.  Holder  C  is  held  in  tool  post  D.  The 
long,  feed  is  moved  and  the 
rise  and  fall  rest  adjusted  ^ 
until  feeler  of  hole  attach- 
ment E  touches  wall  of  hole 
in  giear  A.  The  gear  is  re- 
volved by  hand  and  the 
pointer  on  dial  F  indicates 
the  axial  truth  of  gear. 
The  gear  is  adjusted  in 
chuck  and  wall  of  hole 
tested  imtil  pointer  on  dial 
F  is  motionless  or  within  a 
reasonable  limit,  as  j-^ 
of  an  inch  or  a  fraction 
thereof.  The  face  of  the 
gear  is  also  tested  by  using 
indicator  without  attach- 
ment-B.  The  dial  is  divided 
into  100  spaces  of  one- 
thousandth  of  an  inch  each. 

Different  feelers,  as  at  G  and  H,  are  for  various  classes  of 
work.    Clamp  J  is  to  fasten  indicator  to  lathe  and  planer  tools 
and  milling  machine  arbors. 

Fig.  9  shows  a  dial  test  indicator  com- 
paring the  throw  of  an  eccentric  shaft. 
The  diameter  of  shaft  must  be  the  same 
at  both  ends.    One  end  is  tested,  then 
shaft  is  reversed  and  second  end  tested. 
Slight  corrections  are  made  by  scraping 
eccentric  center  holes,  one  of  which  is 
fIT^.  —  Comparing  ®^^^™  ^*  il,  Vith  center  scraper.     See  p. 
THE  Throw  OP  Both  831. 
Ends  op  an  Eccen-       Attention.  —  To  test  side  of  gear,  re- 

^  ®.^.T^^  move  hole  attachment  E,  Fig.  8,  set  dial 
WITH  A  Dial  Test  .     _        _         .    _.  i.      , 

Indicator.  vertical  and  use  mdicator  direct. 


^^Bils 


Fig.  8. — Truing  Up  a  Gear  in  a 
Chuck  with  a  Dial  Test  Indicator. 


OIAI.  TEtT 
INDIOATOR 

I 
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10.  The  lathe  axis  indicator,  shown  at  A  in  Fig.  10,  is 
used  to  test  the  axial  truth  of  a  center  punch  mark  on  work 
held  in  a  chuck  or  bolted  to  a  face  plate  such  as  the  engine 
crank  shaft  center  fixture  B,  which  is  laid  out  and  marked  at 
C  and  D  to  be  drilled,  bored,  and  reamed  exactly  at  these 
points. 

The  fixture  is  bolted  to  the  face  plate  with  mark  C  approxi- 
mately central  and  counterbalance  E  opposite.  The  point  of 
indicating  needle  F,  which  is  pivoted  in  the  universal  joint  0,  is 
placed  in  center  mark  C 


Fig.  10. — Testinq  Axial  Truth  op  Center  Punch  Mark  with 
Indicator. 

As  the  lathe  is  rotated  by  hand,  the  needle  point  at  U  will 
revolve  in  a  circle,  exaggerating  the  error  at  C.  The  fixture  is 
moved  by  tapping  until  needle  point  U  remains  stationary, 
when  the  lathe  is  rotated. 

This  indicator  may  be  used  to  locate  holes  as  well  as  center 
marks  by  first  tightening  nut  K,  which  converts  the  universal 
into  a  single  joint  with  a  vertical  movement,  and  then  placing 
spherical  head  L  upon  point  C,  and  using  it  against  the  upper 
wall  of  the  hole.  In  this  way  the  fixture  may  be  used  also 
to  test  the  truth  of  a  live  center  or  a  shaft  turning  on  centers. 

AUeniion.  —  Paper  is  sometimes  placed  between  the  face 
plate  and  smooth  work  to  prevent  the  work  slipping. 
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THREAD  MICROMETER  CALIPERS 


ton  •TAHDARO  KiTtW^E  EOUALI 

mimm  wnvu  otrrrt  or  rH*iAo^ 


tMAHIPte  AH&»ai.LrTHJj* 


CdNtTAMTyHHt. 


'J»4li* 


O  FmD  IIIBJIC>WIT(.II  «4eiHO  row  4  ■*  U.«.1L  TAT 

RtADINa  OF  HpCKMHTM 
UK*JfVjTll-.|lil' 

FiQ.  11.  —  Mbasubinq  with  Thread  Micrometbb. 

11.  Thread  micrometer  caUper,  Fig.  11,  is  used  to  meas- 
ure U.  S.  S.  and  V  thread  screws,  taps,  thread  gages,  etc.,  as 
tap  B.  Spindle  C  and  anvil  D  are  relieved  at  points  so  that 
contact  is  only  on  sides  of  thread  and  measures  diameter  of 
screw  thread  independently  of  outside  diameter  of  thread. 

12.  Principle  of  thread  micrometer.  —  When  spindle  is  in 
contact  with  anvil,  reading  is  zero;  when  opened  and  applied 
to  screw,  it  measures  pitch  diameter  of  screw  thread  E  as 
shown  by  lines  FF'  and  GG\  For  a  standard  screw,  reading 
for  E  is  nominal  diameter  of  screw  minus  single  depth  of 
thread. 

13.  To  find  depth  of  thread  and  reading  for  micrometer. 
—  Divide  constant  by  number  of  threads  to  1"  and  subtract 
quotient  from  nominal  diameter  of  tap.  Remainder  is  read- 
ing for  micrometer. 

See  Thread  Measuring  Wires,  p.  1431. 
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Constant  for  single  depth  of  U.  S.  S.  thread,  .6495;  V  thread 
.866.  See  Example  and  Solution,  Fig.  11.  Spindle  C  is 
suited  to  a  wide  range  of  pitches  but  anvil  D  is  limited,  differ- 
ent anvils  being  substituted  for  each  range  of  pitches. 

14.  Tables  of  thread  micrometer  readings  for  IJ.  S.  S.  and 
V  threads. 


U.  S.  STANDARD  THREADS. 

V  THREADS. 

Calipbb 

Caliper 

DlAlC. 

Pitch. 

Rbadinq 

DiAlf. 

Depth. 

DiAM. 

Pitch. 

Reading 
OB  Pitch 

DiAM. 

Thbbao, 
Depth. 

D 

P 

D -••*•* 

.6495 

D 

P 

D--^ 

.800 

p 

P 

p 

P 

t 

24 

.1604 

.0270 

A 

24 

.1614 

.0360 

20 

.2176 

.0324 

24 

.2139 

.0361 

t 

18 

.2766 

.0360 

4 

20 

.2067 

.0433 

16 

.3344 

.0406 

A 

20 

.2692 

.0433 

t 

14 

.3911 

.0464 

A 

18 

.2644 

.0481 

13 

.4501 

.0499 

r 

18 

.3269 

.0481 

k 

12 

.6084 

.0641 

i 

16 

.3209 

.0641 

11 

.666 

.0690 

* 

16 

.3834 

.0641 

10 

.6861 

.0649 

ft 

14 

.3766 

.0619 

0 

.8029 

.0721 

■ 

14 

.4381 

.0619 

8 

.9188 

.0812 

13 

.4334 

.0666 

n 

7 

1.0322 

.0928 

i 

12 

.4278 

.0722 

1 

7 

1.1672 

.0928 

A 

14 

.6006 

.0619 

6 

1.2668 

.1082 

A 

12 

.4903 

.0722 

6 

1.3918 

.1082 

11 

.6463 

.0787 

6J 

1.607 

.1180 

. 

10 

.6384 

.0866 

5 

1.6201 

.1299 

H 

10 

.6009 

.0866 

5 

1.7461 

.1299 

10 

.6634 

.0866 

2 

4i 

1.8667 

.1443 

1 

9 

.7788 

.0962 

2i 

4 

2.3376 

.1624 

1 

8 

.8918 

.1082 

3 

3J 

2.8146 

.1866 

li 

8 

1.0168 

.1082 

3J 

3i 

3.3002 

.1998 

Ij 

7 

1.1263 

.1237 

4 

3 

3.7836 

.2166 

l| 

6 

1.3567 

.1443 

MAKING  TAPS 

15.  The  thread  on  taps  must  be  smooth.  —  A  spring 
threading  tool  holder  and  cutter,  or  a  forged  tool,  may  be 
used  as  at  il,  Fig.  12. 

If  a  soUd  spring  holder  is  used,  as  at  A,  Fig.  12,  the  top  face 
D  of  the  cutter  E  must  not  be  set  above  the  top  of  holder  C. 
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The  cutter  may  be  removed  by  releasing  nut  F,  then  ground 
and  replaced  without  disturbing  holder  and  it  will  resume  its 
cut.  All  taps  to  be  milled  with  a  thread  miller,  see  pp.  1048, 
and  fine  thread  taps  of  20-pitch  or  finer,  to  be  threaded  in  a 
lathe,  as  in  B,  Fig.  12,  may  be  tapered  and  grooved  before 
threading.  This  eliminates  the  burr  that  grooving  after  thread- 
ing forces  between  the  threads  which  is  diflScult  to  remove, 
especially  from  fine  threads. 


A  Fia.  12.  B 

Threading  Tap  Before  Threading  Fine  Thread  Tap 

Tapering  and  Grooying.  After  Tapering  and  Grooving. 

Taps   often   contract   in   length   in   hardening.     For   very 
accurate  work  they  may  be  threaded  oversize  and  lapped  to  size 
with  a  disk  charged  with  emery  and  oil  driven  from  a  drum 
countershaft. 
For  relieving  or  backing  off  taps,  see  pp.  1276-1280. 
Warning,  —  Avoid  deep  center  holes,  large  countersinks  and 
square  comers,  which  might  cause  a  tap  or  other  tool  to  crack 
in  hardening. 
16.  Outside  and  inside  U.  S.  S.  thread  gages,  Fig.   13, 
for  standardizing  taps  and  dies. — They 
are  hardened,  then  thread  is  ground  by  a 
method  which  leaves  pitch,   angles   and 
size  correct.    Plug  A  is  the  standard  to 
which  the  outside  gage  is  adjusted.    The 
top  of  the  thread  is  truncated,  according 
-Standard  to  the  U.S.  standard;  the  bottom  is  left 
sharp  to  give  clearance.     Part  B  is  the 
standard  root  diameter  of  thread. 

To  test  lead  of  thread,  see  Thread  Lead  Indicators  and 
Testing  Machines,  p.  1427. 


Fig.  13.- 

Thread  Gages. 
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17.   To  Straighten  hardened  and  tempered  tools.  Fig.  14. 

\ 


Fig.  14.  —  Straightening  Habdsnxd  and  Tbmpbbxd  Work. 


SCHEDULE  OF  OPERATIONS 


Taps,  reamers,  drills,  mandrels, 
gages,  and  work  of  that  class, 
often  spring  in  hardening  and 
tempering  and  have  to  be  straight- 
ened. 

Example,  —  Mount  hardened 
and  tempered  reamer  A  on  cen- 
ters B,  B'oi  straightening  press  C 
Rotate  with  fingers,  test  with 
chalk,  and  note  eccentricity. 

Place  reamer  on  supports  D,  Jy 
^with  eccentric  side  up,  and  heat 
at  most  eccentric  part  E  with 
blowpipe  F. 

Apply  pressure  with  screw  G 
operated  by  handle  H  to  force 


reamer  straight  or  slightly  beyond 
straight  as  it  may  spring  back 
some,  then  cool  under  tension 
with  water  from  cup  J  or  wet 
waste.  Again  test  on  centers,  and 
repeat  process  if  needed  imtil 
reamer  is  true  within  grinding 
limit. 

CauHon.  —  To  avoid  drawing 
the  temper  while  heating,  test 
temperature  occasionally  by  touch- 
ing reamer  with  soft  solder  K. 
(Soft  solder  melts  at  370^  F.)  If 
the  solder  melts  readily,  cool  with 
water,  for  the  temperature  must 
not  exceed  430**  F. 


Attention. — Large  lots  of  tools  of  the  above  classes  may  be  straight- 
ened rapidly  by  heating  in  an  oil-tempering  gas  furnace  to  a  tempera- 
ture from  35(f  to  400°  F.  This  temperature  is  not  high  enough  to 
draw  the  temper,  but  is  high  enough  to  permit  the  work  to  be  easily 
and  safely  straightened  in  a  press. 
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18.  To  make  i"  X  10  United  States  Standard  tap,  Fig.  15. 


Fio.  15.  —  ScHBDUUB  Drawing. 


Specifications:  Material,  annealed  carbon  Bteel  ^V"  to  i"  large; 
weight,  12  oz.    Hardness,  20  to  25  (scleroscope). 

For  heat  treatment  see  Principles  of  Machine  Work, 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min. — Ofl 
machines,  10  min.  —  Prepare  blank,  1  h.  12  min.  —  Thread  and  turn 
taper,  38  min.  —  Mill  grooves  (with  machine  *'  set  up  "),  file  clearance, 
stamp  and  polish,  48  min.  —  Harden,  10  min.  —  Polish  and  color 
temper,  27  min.  (or  oil  temper  and  polish,  15  min.)  —  Clean  machines, 
10  min.— Total,  3  h.  40  min. 


SCHEDULE  OF  OPERATIONS.   MACHINES 

AND  TOOLS 

Operations. 

Machines,  Speeds, 
Feeds. 

Tools. 

Center. 

See  that  live  center  is  nearly 

Engine  lathe.  12"  to 

true  and  dead  center  in  ap- 

16". 

proximate  alinement. 

Rough  square  (1),  (3).. 

3d  or  4th  speed,  or  40 

Dog,  holder  and  cut- 

F.P.M. Hand  feed. 

ter  30**  rake,  cali- 
pers, rule. 

Recenter. 

Finish  square,  (3),  (1). 

Rough  turn  to  .755"  +  .015", 

2d  or  3d  speed,  or  40 

Holder    and    cutter 

(8),  one  or  two  cuts.     Turn 

F.P.M.       Medium 

30»  rake.   V  mi- 

half way,  reverse  and  turn 

power  feed  —  80  to 

crometer. 

other  half. 

1". 

Mill  square  (4),  see  p.  1028. 

Note.  —  If  a  milling  machine  is  not  avail- 

able, rough  and  finish  turn  shank  (S),  file 

(f),  and  poUsh  (7),  index  (4),  see  p.  M3. 

Rough  turn  to  .576"  +  .015". 

File  square  (4).    Use  vise,  copper  jaws,  8" 

(S),  two  cuts. 

or  10"  hand-smooth  file. 

True   live    center.    Set    dead 

center  in  accurate  alinement. 

Finish  turn  to  .576"  +  .003", 

3d  speed,  or  60  F.P.M. 

(f),  one  cut. 

Fine  power  feed  — 
140  to  1". 

Digitized  by  VjOOQIC 


MAKING  UNITED  STATES  STANDARD  TAP        1219 


File  and  poUah  (7)  to  hmit. 


Finiah  turn  to  .755''  + 
file  to  limit  (8). 


.003" 


Thread  (•)  to  thread  microm- 
/  eter  size  .686"  to  .685". 
Take  eight  cuts  .005"  each, 
four  cuts  .004"  each,  three 
cuts,  .002"  each,  two  cuts 
.001"  each,  one  cut  .0005", 
clean,oil,  test  and  repeat  cuts 
of  .0005"  until  thread  meas- 
ures within  limit,  or  fits  gage. 
Single  depth  of  thread  .067". 
Turn  taper  on  Up  If}"  to  V 

Set  OYer  footstock  A",  or  use 

taper  attachment. 
Turn  taper  to  bottom  of  thread 

at  end  (!•),  four  cuts. 

Mill  grooYes  (11)  •  See  pp. 
1031-1038.  Mill  grooves  be- 
yond thread  f ". 

File  off  burr  produced  by  mill- 
ing. 

Heat  tap  to  blue,  or  coat  with 
copper  sulphate. 

File  clearance  of  f  °  to  7^  on  top 
of  taper  threads  onlj^  (13). 
See    Relieving    or    Backing 
Off  Taps,  pp.  1276-1280. 

Stamp  iize  and  name  on  shank. 


Harden  in  water.  See  Princi- 
ples of  McuJiine  Work. 

Temper  in  oil  (or  polish  and 
temper  to  straw  color). 

Teat  hardness  with  sclerosoope, 
or  dead-smooth  file. 

Polish  shank  and  grooves  after 
oil  tempering,  or  before  color 
tempering.  


Speed  lathe,   highest 
speed. 


Engine  lathe,  3d  or 
4th  speed,  or  60 
F.P.M.  Fine  power 
feed  —  140  to  1". 

Arrange  for  10  threads. 
1st    speed,    or    25 
F.P.M. 


3d  speed,  or  60  F.P.M. 
Fine  power  feed  — 
140  to  1". 


Vise,  copper  jaws. 

Blow  pipe  or  gas  fur- 
nace. 
Vise,  copper  jaws. 


Gas  furnace  or  forge 
1325"  F.  to  1350«»  F. 

Oil-tempering  fur- 
nace, 425"  F.  to 
435"  F. 


Speed  lathe,  highest 
speed.  Vise,  cop- 
per  jaws. 


8"  or  10"  mill-bas- 
tard file,  60  and  90 
emery  cloth,  pol- 
ishing clamps,  1" 
micrometer,  oil. 

Clamp  dog,  holder 
and  cutter  30" 
rake,  8"  or  10"' 
mill-bastard  file, 
1"  micrometer. 

10  pitch  U.  S.  S. 
spring-thread  tool 
and  gage,  center 
gage,  thread  mi- 
crometer (see  pp. 
12l4-12l6),  oil. 


Rule,  dividers. 

Holder  and  cutter 
30"  rake. 

No.  5  double  ani^e 
tap-grooving  cut- 
ter, oil. 

2d  cut  three-square 
file. 

Tongs. 

6"  to  8"  pillar  file 
No.  3,  or  smooUi 
cut. 

Hanmier,  ^"  and 
A"  steel  figures, 
and  letters. 

Tongs,  water. 

(Red-hot  ring  or  col- 
lar). 


90  emery  doth,  pol- 
ishing damps,  oil, 
5"  half-round  file. 


Informatum. — Threads  of  tape  are  often  given  "body  clearance" 
by  setting  the  lathe  to  thread  about  .001"  to  1"  smaller  at  the  shank. 

Attention, — Grooves  of  taps  may  be  ground  after  hardening  and 
tempering,  to  remove  scale  and  sharpen  teeth.    See  p.  825. 
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19.  To  make  1}''  X  6,  Square  thread  tap,  Fig.  16. 


A' 


/bA— 

li  —  tf'wwMmig 


Fia.  16.  —  Schedule  Drawing. 


Specifications:    Material,  annealed  carbon  steel  ^"  to  i"  large; 
weight,  4  lbs.  8  oz.     Hardness,  20  to  25  (sclerosoope). 
High-speed  steel,  or  stellite  cutting  tools. 
Time:    10  h. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operatiomb. 

Maghinbb.  Spbedb. 
Feeds. 

TOOLB. 

Center. 

See  that  live  center  is  neaily 

Engine  lathe,  12"  to 

true  and  dead  center  in  ap- 

16". 

proximate  alinement. 

Roagb  square  (1),  (3). 

2d  or  3d  speed,  or  40 

Dog,  holder  and  cuir- 

F.P.M.    Hand  feed. 

ter  30"  rake,  caU- 
pers,  rule. 

Recenter. 

Finish  square  to  length  (3),  (l). 

Rough  turn  to  1.260"  +  .015", 

Ist  or  2d  speed,  or  40 

Holder    and    cutter 

(«). 

F.P.M.       Medium 

30**  rake,   2"  mi- 

power feed  —  80  to 
1". 

crometer. 

Rough  turn  to  1.040"  +  .016". 

(4),  one  or  two  cuts. 

True  live  center.      Set  dead 

center  in  accurate  alinement. 

Finish  .turn  to  1.040"  +  .003", 

3d8peed,or60F.P.M. 

(S),  one  cut 

Fine  power  feed  — 
140  to  1". 

File  and  polish  (f),  1.040"  to 

Speed  lathe,    highest 

8"  or  10"  mill  bas- 

1.038". 

speed. 

tard  file.  60  and  90 
emery  doth,   pol- 

MiU square  (7).     See  p.  1028. 

ishing  clamps,  oil. 

Finish  turn  to  1.260"  -f  004". 

Engine      lathe.      3d 

Clamp   dog,    holder 

(8). 

speed  or  60  F.P.M. 

and      cutter     SO" 

Fine  power  feed  — 

rake,  2"  microm- 

140 to  1". 

eter. 

File  (8),  1.260"  to  1.262". 

4th  speed. 

8"  or  10"  miU  bas- 
tardfile. 
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Rough  thread  to  1.040"  + 
.010",  (•),  twenty-one  cuts 
.005"  each.  Depth  of 
thiead  .105". 

Set  flniahing  tool  to  cut  on  both 
eides  of  groove,  (t). 


Finidi  thread  to  1.040",  (!•), 
twenty  cuts  .005"  each,  two 
cuts  .002"  each,  six  outs 
.0005"  each.  Depth  of 
thread  .110". 

Tom  taper  on  tap  1^''  to  1', 
(11). 

Sot  oyer  foototock  i",  or  use 
taper  attachment. 

Turn  taper  to  bottom  of  thread 
at  end  (11),  three  or  four 
cuts. 

Mill  grooTOS  (13).  Lower  in- 
dex head  spindle  one-third 
degree  below  horisontal  to 
produce  taper  lands.  See 
pp.  1081-1088. 


File  off  burr. 


Heat  tap  to  A  blue. 

File  deanmco  on  top  of  taper 

threads  only,  (IS). 
File    clearance    on    aides    of 

threads. 


Stamp  size  and  name  on  shank. 


Harden  in  water. 

Temper  in  oil  (or  polish  and 

temper  to  straw  color). 
Test  hardness  with  scleroscope. 

or  dead-smooth  file. 
Polish  shank  and  grooves  after 

oil  tempering,  or  before  color 

tempering. 


Arrange  for  5  threads. 
1st  speed,  or  25 
F.P.M. 


1st     speed,     or     25 
F.P.M. 


2d  or  3d  speed,  or  60 
F.P.M.  Fine  power 
feed  — 140  to  1". 

Universal  or  plain 
milling  machine. 
1st  speed  or  50 
F.P.M.  Medium 
power  feed  — .007" 
per  cutter  revolu- 
tion. 

Vise,  copper  jaws. 


Blow  pipe  or  gas  fur- 
nace. 
Vise,  copper  jaws. 


Vise,  copper  jaws. 


Gas  furnace  or  forge, 
1325''F.tol350«F. 

Oil-tempering  furnace , 
425''  F.  to  435*»  F. 


Speed  lathe,  highest 
speed.  Vise,  copper 
jaws. 


Square  thread  rough- 
ing tool^  width 
.090",  or  holder 
and  cutter,-  thin 
calipers,  rule,  oil. 

Square  thread  fin- 
ishing tool,  width 
.099",  or  holder 
and  cutter. 

Thin  calipers,  rule, 
oil. 


Rule,  dividers. 

Holder  and  cutter 
30*'  rake. 

No.  6  tap  grooving 
cutter,  index  cen- 
ters, rule,  oil. 


8"  or  10"  hand- 
smooth  file,  6" 
warding  file. 

Tongs. 

8"     or     10"     hand 

smooth  file. 
6"  warding  file  with 

teeth   ground   off 

one  side  and  one 

edge. 
Hammer,    ^"    and 

i"     steel     figures 

and  letters. 
Tongs,  water. 

(Red-hot  ring  or  col- 
lar.) 


90  emery  cloth,  pol- 
ishing clamps,  oil, 
5"  half-round  file. 


Attention. 
only. 


'  The  set  over  for  taper  is  correct  for  this  length  of  tap 
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20.  To  make  1\"  X  6,  29°  tiiread  ti^,  Fig.  17. 


^ 

8'-- 


— r- 

P      l.04iF 


-^    —  e'VSMIIABLf" 


kSTO" 


Fig.  17.  —  Schbdulb  Drawing. 


Specifications:  Material,  annealed  carbon  steel  -^'^  to  i"  large; 
.weight,  5  lbs.    Hardness,  20  to  25  (sderoscope). 
High-speed  steel,  or  stellite  cutting  tools. 
Time:  10  h. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Opbrations. 

MACHiNns,  Spbsdb, 
Fbbds. 

Tools. 

Center. 

See  that  live  center  is  nearly 

Engine  lathe.  12"  to 

true  and  dead  center  in  ap- 

16". 

proximate  alinement. 

Rough  square,  (1),  (S). 

2d  or  3d  speed,  or  40 

Dog,  holder  and  cut- 

F.P.M.  Hand  feed. 

ter  SO''  rake,  caU- 
pers.  rule. 

Recenter. 

Pinith  square  to  lensih.  (9),  (1). 

Rough  turn  to  1.270"  +  .016", 

let  or  2d  speed,  or  40 

Holder    and    cutter 

(»). 

F.P.M.     Medium 

SO*"  rake.  2"  mi- 

power  feed  —  80  to 
1". 

orometer. 

Rough  turn  to  1.048"  -f  .016", 

(4),  one  or  two  outs. 

True  live  center.    Set  dead 

center    in    accurate    aline- 

ment. 

Finish  turn  to  1.048"  -f  .003". 

3d8peed.or60F.P.M. 

(S),  one  cut. 

fine  power  feed  — 
140  to  1". 

FUe  and  poUsh,  (f).  1.048"  to 

Speed  lathe,  highest 

8"  or  10"  mill-bM- 

1.046". 

speed. 

tardfile,60and90 
emery  cloth,  pol- 

Mill square,  (7).    Seep.lOM. 

ishing  damps,  oil. 

Finish  turn  to  1.270"  -f  .004". 

Engine      lathe.      3d 

Clamp   dog.   holder 

(8). 

speed,or60F.P.M. 

and     cutter     30** 

.  Pine  power  feed  — 

rake,  2"  microm- 

140 to  1". 

eter. 

FUe,  (8).  1.270"  to  1,272". 

4th  speed. 

8"  or  10"  miU-bas- 
tardfile. 
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Rough  and  finish  turn  and  file 
leader  1.048''  to  1.040",  (•). 


Rough  thread  to  1.030"  + 
.010",  (It),  twenty-three 
cute  .005"  each.  Depth  of 
thread  .115". 

Set  finishing  tool  to  cut  on  both 
sidea  of  groove,  (!•). 

Finish  thread  to  size,  (11). 
twenty-one  cuta  .006"  each, 
two  cuta  .002"  each,  two  outs 
.001"  each,  one  out  .0005", 
dean,  oil,  and  measure  and 
repeat  cuts  of  .0005"  until 
thread  fits  gage.  Depth  of 
thread  .120". 

Turn  Uper  1^"  to  1',  (It), 

Set  OTor  footstock  ^}",  or  use 
taper  attachment. 

Turn  taper  to  diameter  of 
leader  (13),  three  or  four  cuts. 

Mill  grooTOS,  (IS).  Lower  in- 
dex head  spindle  one-third 
of  a  degree  below  horiaontal 
to  produce  taper  lands.  See 
pp.  lOsi-lOss. 


File  off  burr. 


Heat  tap  to  a  blue. 

File  dearmnco  on  top  of  taper 

threads  only,  (14). 
File    dearance    on    sides    of 

threads. 


Stamp  size  and  name  on  shank. 


Harden  in  water. 

Temper  in  oil  (or  polish  and 
temper  to  straw  color). 

Tost  hardness  with  sderoscope 
or  dead-smooth  file. 

Polish  shank  and  grooves  after 
oil  tempering  or  before  color 
tempering.  


2d,  3d  and  4th  speeds. 
Medium  and  fine 
power  feeds. 

Arrange  for  5  threads. 
1st  speed,  or  25 
F.P.M. 


1st     speed,     or     20 
F.P.M. 


2d  or  3d  speed,  or  60 
F.P.M.  Fine  power 
feed— 140  to  1". 

Universal  or  plain 
milling  machine. 
1st  speed,  or  50 
F.P.M.  Medium 
power  feed  —  .007" 
per  cutter  revolu- 
tion. 

Vise,  copper  jaws. 


Blow  pipe  or  gas  forge. 
Vise,  copper  jaws. 


Vise,  copper  jaws. 


Gas  furnace  or  forge, 
1325<»F.tol350''F. 

Oil-tempering  fur- 
nace, 425**  F.  to 
435<»  F. 


Speed  lathe,  highest 
speed.  Vise,  cop- 
per jaws. 


Holder  and  cutter 
30*»rake,8"orl0" 
mill-bastard  file, 
2^'  micrometer. 

Square  thread  rough- 
ing tool  width 
.060",  or  holder 
and  cutter,  thin 
calipers,  rule,  oil. 

29»  thread  tool,  29« 
thread  tool  gage. 

29®  thread  microm- 
eter or  gage,  oil. 


Rule,  dividers. 

Holder  and  cutter 
30*»  rake. 

No.  6  tap  grooving 
cutter,  oil,  index 
centers,  rule. 


8"  or  10"  hand- 
smooth  file,  6" 
warding  file. 

Tongs. 

8"  or  10"  hand 
smooth  file. 

6"  warding  file  with 
teeth  ground  off 
one  side  and  one 
edge. 

Hammer.  tV"  ai^d  i" 
steel  figures  and 
letters. 

Tongs,  water. 

(Red-hot  ring  or  col- 
lar.) 


00  emery  doth,  pol- 
ishing damps,  oil. 


AUeniian.  —  The  set  over  for  the  taper  is  correct  for  this  length  of 
tap  only. 
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ADVANCED   MACHINE  WORK 


MAKING  PLAIN  MILLING  CUTTER 
21.  To  make  2^"  X  i"  plain  milling  cutter,  18  teeth,  Fig.  18. 


Fia.  18. —  Schedule  Drawing. 

Specifications:  Material,  annealed  carbon  or  high-speed  steel  disk 
iV"  large;  weight,  14  oz.    Hardness,  20  to  25  (scleroscope). 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil 
machines,  12  min.  —  Chuck  and  jig  ream,  26  min.  — Turn,  face,  and 
cut  grooves,  51  min.  —  Mill  teeth  with  machine  "  set  up  "  and  stamp, 
52  min.  —  Harden,  10  min.  —  Lap,  25  min.  —  Polish  and  color  temper, 
15  min.  (or  oil  temper  and  polish,  7  min.)  —  Grind  teeth  twice  around 
with  machine  "  set  up,"  6  min.  —  Clean  machines,  11  min.  — Total, 
3  h.  a3  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 

Machines,  Speeds, 

FSBDS. 

Tools. 

Chip  or  file  stem  off  side  of  disk. 

Set  dead  center  in  approximate 

Engine  lathe.  12"  to 

alinement. 

16". 

Mount  disk  in  chuck,  smooth 

Ist  or  2d  speed  or  130 

Independent  or  uni- 

side out;  true  up  and  drill 

R.P.M.    Hand  feed. 

versal   chuck   cen- 

hole (1)  H". 

tering    tool,     tt" 

See  Chucking,  pp.  408-412. 

twist  driU  and 
holder,  oil. 

Bore  hole  (1)  (}''•    See  Boring, 

Ist  or  2d  speed  or  40 

Boring  tool  30®  rake 

pp.  504-606. 

F.P.M.       Medium 

calipers,  rule,  oil. 

Power  ream.    See  Exception* 

Power  feed  —  80  to 

Fluted     chucking 

1225. 

1". 

reamer  .005'^ 
small,  oU. 
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Jig  ream,  see  pp.  415,  416. 


CutsrooToCt).  QeeAUenUon,^ 

OH  mandrel  and  prett  into  hole. 

Rough  turn  diameter  to  2}"  + 

.016"  (S),  two  or  more  outs. 

Rough  square  sides  to  }"  + 
.01(K',  (4),  (g).  See  p.  1226. 
Fig.  19. 

Square  an  equal  amount  from 
each  side. 

Finish  square  sides  to  i"  + 
.00025'',  (4),  (g).  see  p.  1226, 
Fig.  20.     See  Exception* 

Cut  grooves  .020"  deep,   (f), 

(7). 
Cut  kejrway  (8).     See  pp.  926, 

927.  936,  937. 
Mffl  taoth  (•).    See  pp.  1036, 

1037. 
Remove  burr  from  sides. 

Stamp  size  at  (19) ,  and  name  in 
same  groove  diametrically 
opposite. 

Harden  in  water. 

Temper  in  oil  (or  polish  and 
temper  to  straw  color). 

Test  hardness  with  scleroscope, 
or  dead-smooth  file. 

Lap  hole  to  sise.  See  pp.  1230, 
1231. 

PoUsh  sides  (4),  (g)  slighUy. 


Grind  teeth  for  clearance  7®, 
(14),  see  pp.  814,  8l5,  diam- 
eter of  cutter  not  important. 
See  Note.t 


Hand     reaming     jig, 


1st  or  2d  speed. 

Mandrel  press. 

1st  speed,  or  50  F.P.M, 

Medium   power   feed 

—  80  to  1". 
1st  or  2d  speed  or  50 

F.P.M.       Medium 

power  feed. 


2d  or  3d  speed,  or  150 
F.P.M.  Fine  power 
or  Hand  feed. 

1st  or  2d  speed,  or  40 
F.P.M.    Hand  feed. 

Keyway  cutter,  planer 
or  shaper,  vise. 


Engine      lathe,      2d 

speed. 
Lead     block,     sheet 

copper     or     thick 

paper  on  anvil. 
Gas  furnace  or  forge 

1325*»  F.  to  1360*»  F. 
Oil-tempering  furnace 

425**  F.  to  435*»  F. 


Speed  lathe,  3d  or  4th 
speed. 


1"  spiral  hand  ream- 
er, reamer  wrench, 
oU. 

i"  grooving  tool, 
rule,  oil. 

1"  mandrel,  oil. 

Holder  and  cutter  30*^ 
rake,  ^oil,  3"  mi- 
crometer. 

Holder  and  cutter 
30*  rake,  1"  mi- 
crometer, oil. 


Holder,     high-speed 

steel      or      stellite 

cutter  30°  rake,  1" 

micrometer. 

Forming  tool,  depth 

gage,  rule,  oil. 
Hub    keyway    tool, 
rule,  oil. 


8"  or  10"  mill  bas- 
tard file. 

A"  and  i"  steel 
figures  and  letters, 
hammer. 

Tongs,  water. 

(Red-hot  shaft.) 


"     mandrel,     flour 
emery  cloth, 

polishing  stick. 


*  Exception,  —  If  convenient  to  use  a  grinding  machine  to  grind  hole  and 
sides,  the  cutter  blank  may  be  prepared  as  follows: 

Drill,  bore,  and  power  ream  .()05"  small.  Press  on  special  mandrel, 
rough  square  J"  -f  .010"  4,  5.  Cut  grooves  6,  7  .025"  deep.  Cut  groove 
2.  Mill  teeth  9,  stamp  size  10.  Harden  and  temper,  (jrrind  hole  1  to 
size  +  .001"  to  .0015".  See  pp.  728,  729.  Grind  sides  4,  5  to  dimensions. 
See  method  on  p.  827. 

t  AUenHon,  —  Some  prefer  to  defer  grooving  (%)  until  the  sides  are 
squiu^  when  the  blank  may  be  placed  in  a  universal  chuck  and  the  groove 
cut  central. 

t  Note,  —  Diameter  of  cutter  is  important  only  when  used  in  gangs. 
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22.  To  rough  face  large  work  in  steel,  as  milling  cutter 
disk  B,  Fig.  19.  —  Use  holder  and  highnspeed  steel  cutter  A. 
Grind  point  of  cutter  as  at  C  for  clearance  and  rake.  Use 
oil  and  feed  by  power  or  hand  in  direction  of  arrow  2>. 

To  iBnish  face,  use  high-speed  steel  cutter  A  or  side  tool, 
Fig.  20.  Grind  point  of  tool  about  ^'^  flat  as  at  C  with  clear- 
ance as  at  C\  and  set  parallel  to  cut  or  to  drag  slightly.  Take 
Ught  cuts  (.0005'  to  .0020'0,  without  oil,  in  du-ection  of 
arrow  D.  Use  very  fine  power  or  hand  feed,  and  same  speed 
as  for  filing, — 3d  or  4th  speed  for  2^  disk. 


1 

Off  CAHaOM 
STCEi.OlSK 

B 

MAKOREL 

E 

( 

1 

1° 

TV 

Q<^UT 

1NI9NIII0  OUT  NOT 
TO  CXOCtO  0.002* 


^fZ 


Fia.  19. — Rough  Facing 
Milling-cutter  Disk. 


Fig.  20.  —  Finish  Facing 

MlLUNG-CUTTBR  DiBK. 


MAKING  HAND  REAMER 

23.  To  make  hand  reamer,  Fig.  21. 

ji 


®  ®  ®    0        (sHD-® 

Fia.  21.  —  Schedule  DaAwnro. 
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SpeciflcatioiiB:  Material,  annealed  carbon  steel  ^"  to  i"  large; 
wei^t,  1  lb.  14  oz.    Hardness,  20  to  25  (scleroscope). 

ffigh-speed  steel,  or  stellite  cutting  tools. 

Time:  3  h.  40  min.  which  includes  15  min.  for  milling  head  square 
and  50  min.  for  milling  flutes. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Opbbationb. 


Macbinss,  Spbbdb, 
Fbbds. 


Tools. 


Center. 

True   live   center.    Set   dead 

center  in  approximate  aline- 

ment. 
Rough  tquare  (1),  (9). 


Recontor. 

Finish  square  (3),  (1). 

Rough  turn  to  1.010''  (S).  (SO. 

one  or  two  cuts.    Turn  half 

way  (S),  reverse  and  turn 

other  half  (SO. 
Draw  Unea  for  length  of  flutes 

(4),   square   end    (S),    and 

shank  (f). 
Rough  and  finish  turn  reduced 

part  (7) .    Leave  fillets  at  be- 

ginnixxg  and  end  of  cut. 

File  reduced  part  (7). 

MiU  square  to  f",  (S).  See 
p.  1(^.  File  slight  bevel  on 
edges  of  squared  end  to  re- 
move burr. 

Stamp  size  and  name  on  shank 
(«0. 

Mm  flutes  (t).  Seepp.  1034r< 
1036. 

Harden  in  water. 

Temper  in  oil  (or  polish  and 
temper  to  straw  color). 

Test  hardness  with  scleroscope, 

or  dead-smooth  file. 
Lsp  center  holes  ( 1) ,  (3) .    See 

p.  1228. 
Grind    shank    to    sise    (!•). 

Grind  fluted  part,  cylindri- 

caUy,  to  1.0004",  (11). 


Engine  lathe,  12'^  to 
16". 

2d  or  3d  speed,  or  40 
F.P.M.  Hand  feed. 


1st  or  2d  speed,  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

Vise,  copper  jaws. 


Engine  lathe,  Ist  or 
2d  speed,  or  40 
F.P.M.  Fine  power 
feed— 140  to  1". 
4th  speed,  or  175 
F.P.M. 


Vise,  copper  jaws. 


Gas  furnace  or  forge, 
1325»F.tol360''F. 

Oil-tempering  fur- 
nace, 426"*  F.  to 
435''  F. 


Speed  lathe,  highest 

speed. 
Universal       grinding 

machine. 


Holder  and  cutter 
30®  rake,  calipers, 
rule. 


Holder  and  cutter 
30®  rake,  1"  mi- 
crometer. 

Copper  sulphate, 
rule,  scriber. 

Calipers,  rule. 


5"  half-round  2d-cut 
file. 


i"  steel  figures  and 
letters,  hammer. 


Tongs,  water. 

(Red-hot  ring  or  col- 
lar.) 


Copper  lap,  floor 
emery,  oil. 

Dog,  grinding  wheel 
No.  60  K  or  L, 
vitrified.  1"  mi- 
crometer. 
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ADVANCED  MACHINE  WORK 


Grind  deanmce  4®  on  teeth  to 
a  cutting  edge  (13).  Ele- 
vate center  of  wheel  spindle 
-/%"  above  centers.  See 
pp.  811, 812. 

Grind  1^  taper  and  4®  clearance 
on  end  (IS).  Measurement 
at  end  .986"  to  .985."  Grind 
bevel  on  end  of  teeth  to  45® 
with  7®  clearance  and  ^" 
wide. 

Oil  stone  reamer  (IS).  See 
pp.  821, 822. 


Cutter  grinder,  tooth 
rest,  centering  gace. 


Viae,  copper  jaws. 


8"  grinding  wheel 
No.  60/,  vitrified, 
bevel  protractor. 


Fine  ofl  stone,  oil. 


Information,  —  If  the  reamer  springs  in  hardening  and  tempering, 
an  amomit  in  excess  of  that  allowed  for  grinding,  it  should  be  care- 
fully straightened  before  grinding.    See  p.  12l7. 

AUentian.  — As  grooving  the  first  reamer  is  largely  experimental,  the 
student  should  prepare  a  machine-steel  trial  blank  and  use  it  to  obtain 
setting  of  cutter  for  milling  flutes,  and  also  to  become  familiar  with 
the  process  of  irregular  spacing. 

LAPPING 
24.  Lapping  may  be  called  refined  grinding  as  it  is  used 
for  the  final  finishing  of  hardened  and  imhardened  work 
where  smooth  and  accurate  work  is  required. 

A  lap  of  lead,  cast  iron,  copper  or  brass  is  made  the  desired 

shape  and  charged  with  emery  and  oil,  the  lathe  revolved  at  a 

high  speed  and  the  work  passed  back  and  forth  over  lap,  or 

inside  of  lap. 

26.  To  make  lap  for  center  holes.  —Place  short  piece  of 

round  copper  rod 
/coppcR/^  /  I  in  drill  chuck  of 
speed  or  hand 
lathe,  and  turn 
with  graver  to 
60**.  Test  with 
center  gage,  and 
file  smooth. 

26.  Tolapcen- 
terholesinhard- 
ened    gage    A, 
Fig.  22.  —  Shift  belt  to  highest  speed.    Wipe  center  holes  clean. 


Fio.  22.  —  Lapping  Center  Holes. 
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Start  lathe.  With  the  finger,  spread  on  lap  B  a  little  of  mixture 
of  120  grain  emery  and  machine  oil  from  box  C.  Mount  work 
on  dead  center,  with  left  hand  slowly  revolve  work  in  oppo- 
site direction  to  revolution  of  lathe,  and  with  right  hand 
operating  f ootstock  handle,  advance  and  recede  work  slightly 
to  avoid  cutting  grooves  in  work.  Wipe  center  hole  and 
examine.  Continue  until  center  hole  is  clean  and  smooth. 
Repeat  in  opposite  center  hole. 
27.  To  lap  standard  plug  gage,  Fig.  23. 


MI-OIIDIWCTI*, 

la 


Fig.  23.  —  Lapping  Standard  Plug  Gagb. 

Specifications:  Standard  plug  gage  ground  to  1.0004''. 

Machines  and  tools:  Speed  or  hand  lathe,  1"  cast-iron 
outside  lap,  flour  of  emery,  measuring  machine  or  standard 
gage  and  ten-thousandth  micrometer.    Lubricant,  machine  oil. 

Time:  Study  Fig.  23  and  schedule,  6  min.  — Oil  lathe,  2  min.  — 
Lap  and  measure  gage,  50  min.  —  Clean  lathe,  3  min.  —  Total,  1  h. 

SCHEDULE  OF  OPERATIONS 


Oil  hand  lathe  and  shift  belt 
to  highest  speed. 

Place  dog  on  gage  A  with  cop- 
per under  set  screw. 

With  the  fingers  spread  a  little 
machine  oil  and  flour  of  emery  on 
gagCil. 

Adjust  cast-iron  lap  B  to  run- 
ning fit  on  gage  with  screws  CC\ 

Mount  freely  on  centers.  Start 
lathe,  and  move  lap  back  and 
forth  as  shown  by  arrows. 

first  lap  gage  straight,  then 
lap  to  size.    Wipe   clean   with 


waste,  cool  in  water  and  measure. 

To  measure  gage,  use  measuring 
machine,  Fig.  29,  or  ten-thous- 
andth micrometer!)  and  V  stand- 
ard reference  gage  E. 

When  withm  1/10,000"  of  di- 
ameter wipe  lap  and  gage  clean, 
oil  gage  and  lap  with  machine 
oil;  adjust  lap  closely  and  finish 
lapping  without  adding  more 
emery,  and  a  good  finish  will  be 
obtained. 

limit  1.0000"+  or-1/50,000". 

Clean  lathe  with  waste. 
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Attention.  —  Gages  are  standardized  at  62**  F.,  therefore, 
heat  produced  by  lapping,  and  heat  of  hands,  will  interfere 
with  true  size  of  gage.  This  is  overcome  by  cooling  in  water 
or  by  leaving  near  measuring  machine  over  night  before  taking 
final  measurement. 

Note.  —  For  fine  finish  and  for  detecting  soft  spots  on  gage 
(defective  hardening),  use  lead-Uned  lap. 

28.  To  make  lead  lap  for  ring  gages.  Fig.  24.  —  Make 
lead  lap  A  by  turning  a  taper  of  J"  to  1'  on  piece  of  steel  br 

cast  iron,  as  mandrel  B.  Then 
mill  groove  C  entire  length.  Set 
mandrel  central  in  iron  or  wood 
mold  and  pour  in  molten  lead. 
Turn  to  size.  When  lap  wears, 
force  mandrel  into  lead  and  turn 
to  size. 

29.  To  lap  r' standard  ring  gage 
(hole  •9996") .  —  Fasten  dog.  Place 
ring  gage  D  on  lap  and  mount  freely 
on  centers.     Spread  a  little  of  mix- 
ture of  flour  emery  and  machine  oil 
on  lap  and  run  lathe  at  high  speed. 
Move  gage  slowly  back  and  forth  on  lap  and  rotate  slowly 
backward  as  indicated  by  arrows.     To  test,  wipe  hole  clean 
and  test  with  two  plug  gages  —  one  small  and  the  other 
standard. 

When  within  1/10000"  of  diameter,  wipe  lap  and  gage 
clean,  apply  machine  oil  to  both  and  continue  lapping  to  size 
and  to  obtain  fine  finish.     Limit  1.0000"+  or  -  1/50000". 

Information.  —  As  lapping  has  a  tendency  to  make  a  hole 
larger  at  ends,  a  projection  or  lip  is  sometimes  left  on  each 
end  of  gage  which  is  ground  off  after  lapping. 

30.  To  lap  hole  in  milling  cutter  A,  Fig.  25.  —  Make  lap 
B  by  turning  and  fiUng  piece  of  cast  iron  to  fit  hole  in  cutter. 
Fasten  dog  and  place  cutter  on  lap,  then  mount  loosely  on 
centers.  Spread  mixture  of  120  grain  emery  and  machine 
oil  from  box  C  on  lap. 


Fia.  24. — Lapping  Holb  in 
1"  Standard  Ring  Gage. 
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MICROHCT£|| 


FiQ.  25.  —  Lapping  Hole  in  Millinq  Cutter. 


Rotate  cutter  slowly  in  opposite  direction  of  revolution  of 
lathe  and  at  same  time  press  hard  with  thumbs  and  move 
cutter  slowly 
back  and  forth 
as  indicated  by 
arrows.  Wipe 
hole  in  cutter, 
clean  and  test 
with  plug  gage 
D  or  with  inside 
micrometer  S. 
Repeat  until 
gage  fits  hole 
freely. 

Attention, — 

Holes  in  milling  cutters  shrink  in  hardening.     In  manufac- 
turing cutters  in  large  lots,  the  holes  are  usually  ground. 

Warning,— "Ry  plac- 
ing cutter  on  lap  with 
teeth  toward  back  of 
lathe,  injury  to  hands 
may  be  avoided. 

31.  Lapping  holes 
in  machine  parts. 
Commercial  lapping, 
A,  A/  Fig.  26.— 
Holes  in  machine 
parts  are  often  lapped 
to  correct  errors  of 
under  size,  roughness, 
roundness,  taper,  etc. 
Make  lap  £  as  in 
detail.  Turn  and  bore 
C  and  striker  D.  Saw 
three  slots  in  C  also  copper  tube  E.  Grip  C  in  chuck  and 
run  lathe  at  high  speed.  Charge  lap  with  120  grain  emery 
and  machine  oil  from  box  F  and  lap  hole  to  size  by  passing 


Fia. 


26.  —  Lappinq  Holes  in  Machine 
Parts.    Commercial  Lapping. 
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work  back  and  forth  on  lap.  Test  -work  with  limit  gages 
G,  H.  When  lap  wears,  expand  by  striking  D'  light  blow 
with  babbitt  block  K. 

MAKING  PLUG  GAGE 
82.  To  prepare  standard  plug-gage  blank  for  grinding, 
Rg.  27. 


'I' 


—$t 


6*  * 


Fig.  27.  —  Schedule  Drawing. 


Speciilaitioiis:  Material,  annealed  carbon  steel  \"  large;  weight, 
1  lb.  8  oz.    Hardness,  20  to  25  (sclerosoope). 

For  heat  treatment  see  Principles  of  Machine  Work, 

Highnspeed  steel,  or  stellite  cutting  tools. 

Thne:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil 
lathe,  4  min.  —  Prepare  gage  blank,  1  h.  10  min.  —  Harden,  20  min. 

—  Lap  center  holes  and  polish,  10  min.  —  Clean  machines,  6  min. 

—  Total,  Ih.  65  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


Machines,  Speeds, 
Feeds. 


Tools. 


Center  to /j"(l),  (»). 

See  that  live  center  is  nearly- 
true  and  dead  center  in  ap- 
proximate alinement. 

Rough  square  i^'*  long  (1),  (t). 


Recenter  to  -fi". 

Rough  turn  whole  length  to 

lA"t  («).  one  cut.       Turn 

%alf  way,  reverse  and  turn 

other  half. 
jDraw  line  (4),  1}"  from  gage 

end. 


Engine  lathe.  12'^ 
16". 


to 


2d  or  3d  speed,  or  40 
F.P.M. 


1st  or  2d  speed,  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

Vise,  copper  jaws. 


Dog,  holder  and  cut- 
ter 30®  rake,  call- 
I      pers,  rule. 

Holder  and  cutter 
30®  rake,  copper, 
calipers,  rule. 

Copper  sulphate, 
rule,  soriber. 
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Rough  and  flnish  turn  handle 

2d  or  3d  speed,  or  40 

(»),  two  outs. 

F.P.M.       Medium 
power  feed  —  80  to 
1". 
2d8peed.or40F.P.M. 

iritrl(f).     See  p.  686. 

Medium   nurling 

Medium  power  feed 

tool,  oil. 

—  80tol". 

True  Uto  center. 

Recenter  A".  (7).  («)• 

Speed  lathe,  3d  speed. 

Drill  chuck,  combi- 

or 400  R.P.M. 

nation  drill  and 
countersink. 

Finish  •qnare  to  length  6'\  (1). 

(»). 

4th   speed,    or    60 
F.P.M.  Hand  feed. 

Rough  and  ilniih  torn  reduced 

3d  speed,  or  40  F.P.M. 

part  (t),  two  or  three  cuts. 

Kne  power  feed  — 
140  to  1". 

File  (t). 

4th    speed,    or    175 

7"     or     8"     pUlai- 

F.P.M. 

smooth  file. 

Round  (If). 



8"  or  10"  mill-baa. 

tard  file. 

Tvm  gage  iwrt  (11),  1.020''. 

3d  speed,  or  60  F.P.M. 

2"  micrometer. 

one  or  two  cuts. 

Medium  power  feed 
—  80tol". 

Poliah  enda  (1),  (t),  and  re- 

Speed lathe,   highest 

90   and    120  emery 

duced  part  (t). 

speed. 

cloth,  thin  polish- 
ing stick,  oil. 

File  flata  on  opposite  sides  (19) , 

Vise,  copper  jaws. 

7"or8"pillap-8mooth 

(1«).  or 

file. 

Mill  flata  (IS).  (IS). 

Milling  machine,   3d 

f"    milling    cutter, 

speed.         Medium 

power  feed. 

vise  or  f"  end 
Tnill,  index  head 
with  centers,  rule. 

Stamp  die  and  name  (IS) ,  (IS) . 

Vise,  copper  Jaws. 

i''  steel  figurea  and 
letters,  hammer. 

Harden  gage.  See  Information. 

Gas  furnace,  or  forge. 

Tongs,  water,  sperm 

1326«F.  tol350«F. 

oil,  handnnnooth 
file. 

To  lap  center  holes,  see  p.  1228. 

Clean  and  polish  ends  (1),  (S), 

reduced  part  (t),  and  flats 

(1»).  (11). 

To  grind,  see  p.  1234. 

Information.  —  To  make  a  plug  gage  glass  hard  and  the  handle 
jet  black,  heat  gage  to  a  bright  red  and  dip  endwise  (gage  part  only) 
in  water  and  move  about  for  eight  seconds.  Time  may  be  estimated 
by  counting  as  follows:  one-thou-zan-one,  onerthou-zan-^too,  one-thou- 
zan-^ee,  one-thou-zan-/(mr,  one-thou-zan-jlt;ei  one-thou-zan-^siir,  one- 
thou-zan-aeven,  one-thou-zan-eH^A<.  Then  plunge  whols  gage  into  oil 
and  move  about  until  cold. 
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33.  To  grind  standard  plug  gage  on  two  dead  centers* 
Fig.  28. 


Fig.  28. — Schedule  Drawing. 

Spedflcations:  Plug  gage  blank,  carbon  steel  turned  1.020'^  diam- 
eter, stamped,  hardened  and  handle  black. 

Center  holes,  (14),  (Iff),  lapped. 

Machines  and  tools:  Universal  grinding  machine. 

Measuring  machine  or  2"  ten-thousandth  micrometer. 

Grinding  wheel  12"  X  4",  No.  80  K,  vitrified,  grinding  dog. 

Speed  of  wheel,  6000  F.P.M.    Speed  of  work,  60  F.P.M. 

Feed  J  width  of  wheel  per  revolution. 

Oil  bearings  and  two  dead  centers  with  machine  oil. 

Lubricant,  solution  of  sal  soda  and  water. 

Time:  Study  drawing  and  schedule  in  advance,  6  min.  —  Oil 
machine  and  true  wheel,  7  min.  —  Grind  gage,  25  min.  with  machine 
"  set  up."  —  Clean  machine,  3  min.  —  Total,  40  min.  ("  Set  up  " 
machine  to  grind  straight,  25  min.  extra.) 

SCHEDULE  OF  OPERATIONS 


L  Preparatoiy  Adjustments. 
True  wheel  (see  p.  709)  and  cen- 
ters (see  p.  710).  Set  zero  lines 
on  headstock  and  swivel  table  to 
grind  approximately  straight.  See 
p.  712.  Arrange  water  guards. 
See  p.  715.  Move  grinding 
wheel  back  with  hand  cross-feed 
wheel  8  to  allow  space  to  mount 
work.  Use  grinding  dog  with 
copper  under  set  screw.  Mount 
work  on  centers.  Start  grinding 
wheel,  work  and  feed,  1, 2,  3,  and 
adjust  dogs  6,  7,  to  length  of 
stroke.  Set  automatic  feed  11, 
12,  to  feed  .0005"  to  .001"  (2  to  4 
teeth)  at  each  end  of  stroke. 

n.  Grind  Trial  Diameter  (16), 


Fig.  28.  (Grind  out  tool  marks 
only.)  Move  grinding  wheel  to 
cut  revolving  work  lightly  with 
hand  cross-feed  wheel  8.  Turn 
on  water  and  throw  in  feed  pawl 
9  to  mesh  with  ratchet  wheel  10 
and  allow  automatic  cross  feed 
to  take  four  or  five  trial  cuts 
whole  length  of  work  to  grind 
out  tool  marks.  Then  throw 
out  pawl  9  and  without  moving 
cross  feed,  allow  wheel  to  pass 
over  work  several  times  until 
cutting  nearly  dies  out. 

Stop  wheel,  work  and  feed,  1, 2, 
3,  with  wheel  at  footstock  end. 

nL  Correct  Straigfatness.  Meas- 
ure work  at  both  ends  with  2" 
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micrometer  or  measuring  machine, 
see  pp.  1236-1238,  and  if  not 
straight,  move  swivel  table  (see 
p.  7l2).  Take  one  or  two  cuts 
with  automatic  cross  feed. 
Measure  and  repeat  until  machine 
grinds  straight.  If  there  is  danger 
thereby  of  grinding  ^age  too 
small,  use  trial  piece  same 
length. 

IV.  Find  Amount  OTersize. 
Measure  work  with  2"  microm- 
eter. Subtract  rough  diameter  of 
work  1.0040"  from  reading  of  mi- 
crometer. For  example,  reading 
of  micrometer  may  be  1.0140", 
then  1.0140"  -  1.0040"  =  .0100" 
or  40  teeth  for  rough  grinding. 

V.  Set  Automatic  Cross  Feed. 
Raise  perpendicular  latch  13  in 
head  14,  throw  in  pawl  9  and 
without  moving  cross  feed,  move 
shield  15  to  right  or  left  until  end 
of  shield  and  pawl  are  40  teeth 
apart,  then  drop  latch  13  in 
ratchet  wheel  10.    See  p.  7l5. 

VL  Rough  Grind  (16),  .0040" 
Laige,  Fig.  28,  as  follows:  Start 
wheel,  work  and  feed,  1,  2,  3,  and 
rough  grind  automatically  until 
shield  15  lifts  pawl  9.  Then 
lock  latch  head  14  with  horizontal 
latch  16,  throw  out  pawl  9  and 
allow  wheel  to  pass  over  work 
several  times  until  cutting  nearly 
dies  out.    Stop  work  with  wheel 


at  footstock  end  and  measure. 
For  example,  work  may  measure 
1.004". 

Vn.  Finish  Grind  (17),  Fig. 
28,  with  pinch  feed  (i/1000"  in 
diameter  of  work),  as  follows: 
Start  work.  Take  two  cuts 
J/1000"  each  (two  pinches  at 
each  end  of  work).  Stop  wheel, 
work  and  feed,  1,  2,  3,  and 
measure  gage.  It  may  measure 
1.0030".  Also  measure  gage  at 
both  ends  for  straightness  with 
micrometer,  or  take  gage  out  of 
machine  and  measure  with  meas- 
urmg  machine,  pp.  1236-1238. 
Start  wheel  work  and  feed  and 
pinch  twice  at  footstock  end. 
Measure  =  1.0025".  Pinch  twice 
and  let  wheel  pass  over  work  sev- 
eral times.  Measure  «  1.0020^^ 
Pinch  twice  and  let  wheel  pass 
over  work  several  times  and  meaa- 
ure  (1.0015").  Pmch  twice  and 
let  wheel  pass  over  work  several 
times  and  measure  (1.0010").  As 
there  is  some  vibration  inmachine, 
it  is  best  to  grind  to  size  as  fol- 
lows: Take  one  cut  and  measure 
1.0007".  Then  let  wheel  pass  over 
work  without  moving  cross  feed 
and  it  may  measure  1.0004".  If 
still  large,  again  let  wheel  pass 
over  work  without  moving  cross 
feed.  Limit  1.0004"  to  1.0003". 
Clean  machine  with  waste. 


Attention.  —  A  gage  hardened,  ground  and  lapped  without  season- 
ing may  shrink  about  one-twenty-thousandth  of  an  inch  in  six  months. 
To  season  properly  a  gage  should  be  hardened,  then  laid  away  from 
six  months  to  a  year  to  relieve  internal  stresses,  and  allowed  to  shrink; 
but  if  gage  must  be  finished  at  once,  heat  to  about  400^  F.  after  hard- 
ening and  cool  in  water.    Do  this  three  times. 

Note. — Gages  are  often  made  as  follows:  Rough  ground  to  1.004", 
seasoned^  then  finished  ground  to  1.0004"  and  lapped  to  size. 
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MEASURING  MACHINE 

34.  Twenty-four-inch  standard  measuring  machine.  Fig.  29. 

This  instrument  is  for  originating  standard  gages  and  for  other 
measurements  of  precision. 

The  bed  is  supported  on  three  points,  with  V  ways  for  the 
sliding  and  fixed  heads;  the  spindles  are  provided  with 
measuring  faces. 

36.  The  sliding  head  carries  the  spindle  Precision  Screw, 
linear  scale  and  graduated  index  wheel.  The  Precision  Screw 
on  some  machines  has  50  threads  per  inch,  on  others  25  threads. 

36.  For  Precision  Screw  with  60  threads  the  turns  of  index 
wheel  are  indicated  on  linear  scale  graduated  into  50  divisions 
to  the  inch;  each  20/1000"  =  .020".  The  fractional  part 
of  a  turn  is  indicated  by  graduations  on  index  wheel  which 
has  400  divisions,  each  1/20,000". 

37.  For  Precision  Screw  with  26  threads  the  turns  of  index 
wheel  are  indicated  on  linear  scale  graduated  into  25  divisions 
to  the  inch;  each  40/1000"  =  .040".  The  fractional  part  of  a 
turn  is  indicated  by  graduations  on  index  wheel  which  has  400 
divisions,  each  1/10,000". 

By  estimation,  a  division  may  be  subdivided  to  indicate 
one-half,  one-quarter  or  one-fifth  of  a  division.  Variation 
within  a  limit  of  1/100,000"  may  be  determined. 

Fixed  head.  — In  the  fixed  head  is  a  sliding  spindle  kept  in 
place  by  a  helical  spring.  This  spindle  carries  one  of  the 
auxiliary  jaws  while  the  other  jaw  is  fastened  to  the  head. 

CorUact  indicators.  — To  indicate  when  contact  is  made  be- 
tween measuring  faces  and  work,  a  small  cylindrical  gage  is 
placed  between  the  auxiliary  jaws  in  a  horizontal  position. 
When  measurement  is  obtained,  gage  drops  to  a  vertical 
position. 

In  Fig.  29  the  auxiliary  jaws  are  connected  with  an  elec- 
trical buzzer  which  announces  contact  of  work  and  measuring 
faces. 

To  dean  machine.  —  With  a  soft  woolen  cloth  wipe  oil  and 
dirt  from  finished  parts,  and  other  parts  with  waste.  Ben- 
zine may  be  used  to  clean  plugs  in  reference  bar,  followed  by 
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kerosene  to  prevent  rusting.  To  remove  dust  from  polished 
surfaces  of  graduated  plugs  use  a  camers-hair  brush.  The 
lenses  are  cleaned  with  alcohol  and  chamois  skin.  When 
setting  and  measuring  clean  measuring  faces  with  paper. 

38.  To  measure  standard  plug  gage  with  24''  standard 
measuring  machine.  Precision  Screw,  60  threads  to  V,  Fig. 
29. 


Fig.  29.  —  Measuring  \"  Standard  Plug  Gage. 
SCHEDULE  OF  OPERATIONS 


Oil  slides  and  bearings  with 
machine  oil  and  Precman  Screw 
with  porpoise  oil. 

To  set  at  zero. 

Clean  measuring  faces  with 
paper. 

Run  screw  to  zero  on  linear 
scale  A,  Fig.  29. 


Adjust  pointer  B,  graduated  in- 
dex wheel  C,  nearly  to  zero  and 
slide  head  D  until  measuring 
faces  E,  F,  are  nearly  in  contact. 
Clamp  fine  adjustment  G,  throw 
in  switch  H  which  operates  buzzer 
Kj  and  adjust  sliding  head  with 
screw  L  (not  shown),  until  buzzer 
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shows  tendency  to  stop.  Clamp 
sliding  head  with  lever  M  and 
adjust  index  wheel  until  buzzer 
stops,  then  set  pointer  at  zero  on 
graduated  index  wheel. 

Clean  gage  N  and  place  it  be- 
tween cleaned  measuring  faces  of 
machine. 

Throw  in  switch  and  adjust 
index  wheel  imtil  buzzer  stops. 
Count  whole  number  of  divisions 
on  linear  scale  and  multiply  by 
.020"  then  add  divisions  on  in- 
dex wheel  multiplied  by  1/20000" 
or  .00005"  and  the  result  will  be 
the  size. 


For  example:  There  are  37  di- 
visions on  the  scale  which  i^vea 
37  X  .020"  «  .740".  Then  we 
read  201  divisions  on  index  wheel 
which  give  201  X  1/20000".  201 
X  .00005"  =  .01005";  adding  we 
have  .740"  +  .01005"  -  .75005". 
or  .750" +  1/20000". 

Attention,  —  A  variation  of  tern- 
perature  of  1^  in  a  1"  gage  will 
change  its  size  about  1/100000". 

For  example:  Holding  a  1" 
gage  a  few  minutes  in  the  hand 
may  increase  its  temperature  10^ 
and  its  size  I/IOOOO'^. 


39.  To  test  6|"  end-measuring  rod  with  24''  standard 


measuring  machine. 
Fig.  29. 


Precision  Screw,  25  threads  to  1' 


SCHEDULE  OF  OPERATIONS 


Adjust  machine  as  for  one  inch. 
Raise  cover  from  standard  bar  P 
attached  to  back  of  machine  and 
clean  plug  T  with  benzine. 

To  focus,  lower  microscope  Q 
to  stop  collar,  and  clamp. 

Adjust  hair  line  in  eyepiece  R 
to  coincide  with  hair  line  on  hard- 
ened steel  plug  8. 

Unclamp  sliding  head  and  move 
to  fifth  plug  T  without  disturbing 
eyepiece.  Clamp  fine  adjust- 
ment O  and  adjust  sUding  head 
with  screw  L  until  hair  line  in  eye- 
piece coincides  with  hair  line  on 
bar.    Clamp  head  with  lever  M . 

Place  end-measuring  rod  be- 
tween measuring  faces  and  read 
as  follows:  To  the  reading  on 
standard  bar  (5")  add  the  follow- 
ing:    Count   number   of   whole 


divisions  on  linear  scale  (12  divi- 
sions) and  multiply  by  .040". 
Count  divisions  on  index  wheel 
(200  divisions)  and  multiply  by 
1/10000"  or  .0001"  and  result 
will  be  the  length. 

Example,  —  6"  +  (12  X  .040") 
=  .480"-!- (200  X. 0001")  =  .0200". 
Adding  we  have  6"+,.480"-|- 
.0200"  :=  6.500". 

Attention.  —  Two  supports  are 
provided  for  long  work,  as  at  U. 

Information.  —  English  ma- 
chines are  standard  at  62^  F.  and 
metric  machines  at  O'^C.  For 
practical  work,  it  is  not  necessary 
to  use  these  machines  at  these 
temperatures  as  variations  caused 
by  heat  or  cold  affect  machine 
and  work  alike. 
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SPIRAL  MILLING 

40.  Spirals  are  used  on  twist  drills,  milling  cutters  and 
counterbores,  and  in  machine  construction  for  spiral  gears, 
cams,  etc.  To  cut  a  spiral,  the  work  requires  rotative  and  longi- 
tudinal motion  at  the  same  time  and  also  to  be  set  at  an  angle 
to  cutter. 

41.  To  find  angle  to  set  saddle  for  cutting  spirals  either 
graphically^    by    simple 
calculation,    or   approx- 
imately from  spiral  line 
drawn  upon  work: 

Graphically.  —  Draw 
a  right  triangle,  ABC,  to 
scale,  Fig.  30.  DrawilJ? 
equal  to  the  lead,  AC  sA 
right  angle  to  AB,  equal 
to  circumference;  connect 
CB.  The  angle  ABC  or  X  is  the  required  angle.  Measure 
angle  with  protractor. 

Example. — Twist  drill  1"  in  diameter,  6"  lead,  to  find  angle. 

Solution.  — AB  =  lead  =  6",  AC  =  circumference  =  3.1416; 
connect  CB  and  measure;  required  angle  X  =  27i°. 

By  calculation.  —  Divide  the  circumference  by  the  lead  for 
the  tangent.  In  table  of  tangents  find  the  angle  that  corre- 
sponds to  tangent. 

Example.  —  Twist  drill  1"  in  diameter,  6"  lead,  to  find  angle. 

3.1416 


Fig.  30.  —  Anglb  Diagram  fob  Twist 
Drill. 


Solution.— Taxi  X  =  1  X 


6 


.5236.    In  table  of  tan- 


gents .5236  corresponds  to  27''  38'  or  27i°,  £he  required  angle. 

Approximately.  —  Raise  the  knee  until  cutter  touches  work 
and  with  hand  feed  trace  a  light  line  upon  the  work,  with  the 
table  set  straight,  and  the  machine  geared  for  the  spiral.  Then 
swing  table  until  spiral  line  is  parallel  to  cutter. 

Important.  —  As  cutting  the  first  tooth  in  a  spiral  mill  or  grooving 
the  first  drill  is  largely  experimental,  the  student  should  prepare  a 
machineHsteel  trial  blank  and  use  it  to  obtain  correct  setting  of 
cutter. 
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Attention.  —  For  right  spirals,  swivel  the  table  to  the  right; 
and  for  left  spirals,  swivel  to  the  leftf  and  use  an  extra  inter- 
mediate gear. 

42.  To  calculate  compound  gears  used  in  cutting  spiral. 

Example,  —  1"  twist  drill;  6"  lead,  worm  gear  in  dividing 
head  40  teeth,  lead  screw  4  P.,  lead  of  machine  equals  ^  =  10''. 


Solution, 


6^3X2 
10      2X5' 


3      24  _  72  _    gear  on  worm  G 
2      24  "  48  "  1st  gear  on  stud  H' 

?  X  —  ==  —  =  2d  gear  on  stud  J 
5      20  .    100       gear  on  screw  K 

When  there  is  a  fraction  in  the  lead  as  in  the  case  of  spiral 
gears,  as  8.333": 

gi      25      5 
SoliUion,  —  8.333"  =  tI  =  57^  =  f  and  proceed  as  above. 

lU        6\)       O 

Information,  —  If  the  fraction  will  not  simplify  easily,  ap- 
proximate the  lead  as  follows :  Exact  lead  2.517" ;  approximate, 
2.514."  This  is  allowable  for  leads  of  cutters,  drills  and  coun- 
terbores.  For  mechanical  motions,  as  spiral  gears,  change  the 
diameter  rather  than  lead. 

43.  To  obtain  lead  for  spiral  milling  cutter,  given  diameter 
and  angle.  — 

„         ,  diameter  X  3.1416  ,     , 

Formula, — tt 7 — ^ f  =  l^ad. 

natural  tangent  of  angle 

From  lead  calculate  compound  gears. 

Attention,  —  Use  above  formula  when  changing  pitch  diam- 
eter of  spiral  gears  to  bring  approximate  lead  within  .005"  of 
exact  lead. 

44.  Cutters  for  spiral  mills  are  obtainable  with  either 
40"*,  48®,  or  53°  angle  on  one  side  and  12**  on  the  other. 

46.  Cutters  for  two-groove  twist  drills  are  obtainable  for 
drills  Y^j"  to  2i"  in  diameter. 
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CTrrrmG  teeth  in  spiral  mill 

46.  To  cut  teeth  in  spiral  mill,  universal  milling  machine. 
Fig.  31. 

UNIVERSAL  MILLING  MACHINE 

DOUBLE  ANGLE  CUTTEP? 


Fig.  31.  —  Cutting  Teeth  in  Spibal  Mill. 


SPECIFICATIONS 


Material 

Hole 

Diameter  of  mill 

Length  of  mill 

No.  of  teeth 

Width  of  land 

Lead 

Angle  of  spiral 

Double-angle  high-speed 
steel  cutter 

Amount  of  set  over 


Carbon-steel 

outter  blank 

1" 

2J" 

2J" 

18  R.  H. 

A" 

36" 
12i'» 

63»X12«R.H. 


.208" 


Gears  for  spiral 

Gear  on  worm. . 
Ist  gear  on  stud 
2d  gear  on  stud 
Gear  on  screw. . 
Speed 

Feed 

Lubricant 


72 
32 
64 
40 
1st  or  2d  speed 
or60F.P.M. 

Medium 
I>ower    feed 
—.007"  per 
cutter  revo- 
lution 

Lard  oil 
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SCHEDULE  OF  OPERATIONS 


L  Preparatoiy  adjttstments. 
Place  cutter  A  on  arbor  B  to  cut 
in  direction  of  rotation,  and  clamp 
hard.  Fasten  index  head  and 
footstock  in  horizontal  alinement 
on  table. 


Fig.  32.  —  Settinq  Double-angle 
Cutter  Radial. 

XL  Set  cutter  radial.  Set  swivel 
table  at  zero,  cutter  central,  and 
cross-feed  dial  at  zero.  Move 
cross  slide  inward  ^  diameter  of 
blank  (.208'0  to  give  radial  teeth, 
as  at  A\  Fig.  32,  then  clamp  cross 
slide. 

in.  Arrange  gears,  Index  and 
table.  Arrange  gears  for  spiral,  set 
index  for  18  teeth,  withdraw  stop 


so  that  index  plate  can  revolve, 
set  swivel  table  at  12i**,  Fig.  31, 
and  clamp. 

IV.  Mount  the  blank  on  centers. 
Press  mandrel  C  firmly  into  blank 
D  and  mount  on  centers,  securing 
dog  E  in  driver  by  screw  F. 

V.  Obtain  width  of  land  by  trial 
cuts.  Start  machine,  riuse  knee 
and  with  power  feed,  take  short 
trial  cut  less  than  required  depth, 
then  throw  out  power  feed  and 
stop  machine.  Set  vertical  (tial  at 
zero,  lower  knee,  move  table  back 
until  blank  is  clear  of  cutter  and 
index  for  next  tooth.  Raise  knee 
to  zero  and  take  another  short 
cut. 

Lower  knee,  move  table  back 
until  blank  is  clear  of  cutter  and 
measure  width  of  land  with  rule. 

If  land  is  too  wide,  raise  knee 
a  little  higher  than  before;  repeal 
process  until  land  is  correct  (^j" 
wide) .  Reset  vertical  dial  at  zero 
after  each  correction. 

VI.  Mill  18  teetii.  With  set- 
ting correct  and  table  dog  set  to 
trip  feed  at  end  of  cut,  mill  teeth 
all  around  blank,  one  cut  each. 

Warning.  —  To  avoid  cutter 
scraping  work  by  back-lash  in 
screw  and  gears,  after  obtaining 
depth  of  cut  in  spiral  milling,  set 
vertical  dial  at  zero  and  at  the 
end  of  each  cut,  lower  knee  and 
move  table  back  to  starting  point, 
then  raise  knee  to  zero  for  next 
cut. 
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GROOVING  TWIST  DRILL 

47.  To  groove  twist  drill,  spiral  milling,  universal  milling 
machine.    Fig.  33. 


UNIVCR8AL  MILUNQ  MACHINe 


Fig.  33.  —  Gbooving  Twist  Drill. 


SPECIFICATIONS 


Material 

Carbon-steel  drill 

Angle  to  set  swivel 

blank 

bed  for  clearance 

of  lands 

l« 

Diameter  of  drill . 

1.012" 

Depth  of  clearance 

A" 

Length  of  drill... 

llj" 

Length  of  grooves 

6|" 

Gmts  for  tpiral 

No.  of  grooves . . . 

2 

Gear  on  worm  G  . . 

72 

Thiokness  of  point 

i" 

1st  gear  on  stud  H, 

48 

Lead 

6" 

2d  gear  on  stud  /  . 

40 

Angle  of  spiral . . . 

27J» 

Gear  on  screw  K, . 

100 

Cutter 

Special 

Speed 

3d  speed,  back 
gears  in  or  26 
F.P.M. 

Amount  of  set  over 

TVofdia.(.100'0 

Feed 

.007"  per  cut- 
ter  revolution 

Angle  to  lower  in- 

Lubricant  

Lard  oil 

dex  head 

2<» 

^-iS2=:: 

Ih. 

,  30  min. 
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SCHEDULE  OF  OPERATIONS 


L  Preparatory  adjustments. 
Place  cutter  A  on  arbor  B  to  cut 
in  direction  of  rotation,  and  clamp 
hard.  Fasten  index  head  and 
footstock  in  horizontal  alinement 
on  table.  Lower  index  head  cen- 
ter 2^  and  clamp;  this  is  to 
/thicken  web  and  strengthen  drill 
which  has  a  tendency  to  twist 
when  in  use. 

IL  Set  cutter  radlaL    Set  swivel 


1^ 


— s 


Fig.  34. — Sbtting  Cutter  off 

Center  for  Grooving 

Twist  Drill. 

table  at  zero,  cutter  oentrali  and 
cross-feed  dial  at  zero.  Move 
cross  slide  inward  ^  diameter  of 
blank  (.lOO'O,  as  at  A,  Fig.  34,  and 
clamp. 

in.  Arrange  gears,  index  and 
table.  Arrange  gears  for  spiral, 
place  index  pin  in  any  hole,  then 
withdraw  stop  L  so  that  index 
plate  M  can  revolve;  set  swivel 
table  at  27}^,  and  clamp.  See 
Fig.  35. 


IV.  Mount  the  blank  on  centers. 
Mount  blank  C  on  centers  and 
secure  dog  D  in  driver  by  screw 

E.  Adjust  V  rest  imder  middle 
of  blank  to  prevent  springing. 
Set  table  dog  to  trip  feed  at  de- 
sired length  of  groove. 

V.  Obtain  thickness  of  point 
Start  machine,  raise  knee  and  take 
short  trial  cut  less  than  required 
depth.  Set  vertical  dial  at  zero, 
lower  knee,  move  table  back  until 
blank  is  clear  of  cutter,  index  one- 
half  revolution,  raise  knee  to  zero 
and  take  another  short  cut.  Re- 
peat until  point  is  i"  thick. 

VI.  Mill  grooves.  Reset  verti- 
cal dial  at  zero  and  mill  grooves, 
one  cut  each. 

Vn.  Mill  land  clearance.  Mount 
drill  A,  Fig.  36,  on  centers  to  mill 
lands  B,  with  end  mill  C.  Set 
swivel  table  1**  (angle  shown  by 
line  D,  ^   to  cut   deepest  at 

F,  F',  and  mill  clearance  ^"  de^ 
leaving  -fy"  lands,  one  or  more 
cuts. 

Information. — Take  trial  cuts 
and  if  lands  are  wider  at  shank 
end  of  drill,  raise  index-head  cen- 
ter 1^  or  2^  to  make  lands  even 
width.  Oxidize  small  drills  to 
enable  cut  and  land  to  be  readily 
seen. 

Note.  —  Manufacturers  of  twist 
drills  use  a  special  cutter  for  mill- 
ing land  clearances. 
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Fia.  35.  —  Setting  Swivel  Table  to  Grooving  Angle  of 
Twist  Drill. 


Fig.  36.  —  Milling  Land  Clearance  on  Twist  Drill, 

HiAKING  TWIST  DRILL 
48.  To  make  taper  shank  twist  drill,  Fig.  37. 


,       \  MORSE  TAPCR  NO.t:  ,■ 
3<|  3l\    TAPtRjtOI*TO  l'-»ti^ 


3t  X\    TAPMJOI^O  l'-^ 


Fig.  37.  —  Schedule  Drawing. 
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Spedflcations:  Material,  annealed  high-fipeed  or  carbon  steel  ^" 
to  i"  large;  weight,  2  lb.  3  oz.    Hardness,  20  to  25  (scleroscope). 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  4  h.  45  min.  which  includes  15  min.  for  milling  tang,  1  h. 
tor  milling  spiral  grooves  and  30  min.  for  milling  clearances. 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Opbrationb. 


Machines,  Spbbdb, 
Feeds. 


Tooui. 


Center. 

True  live  center.  Set  dead 
center  in  approximate  aline- 
ment. 

Kottgh  square  to  11}".  (1),  (9). 

Recenter. 

Omit  finish  square. 

Rough  turn  to  1.012",  (S),  one 
or  two  cuts.  Turn  half  way, 
reverse  and  turn  other  half. 

Draw  lilies  for  length  of  shank 
and  body  (<),  (7). 

Turn  taper  shank  .fit"  to  1', 

Set  over  footstock  A",  or  use 
taper  attachment. 

Rough  turn  taper  (6)  to  j}"  at 
small  end,  one  or  two  outs. 


Take  a  light  trial  cut  about 
.004"  to  .005".  To  correct 
this  taper,  see  Schedule  of 
Operations,  p.  229. 

Rough  turn  to  .763"  +  .020" 
for  grinding  (f),  one  cut. 

Rough  and  finish  turn  reduced 
part  (7),  one  or  two  cuts. 

Finish  turn  tang  (8),  one  cut. 

Round  end  and  comer  (g). 


Engine  lathe,  12"  to 
16". 


2d  or  3d  speed,  or  40 
F.P.M.  Hand  feed. 


Ist  or  2d  speed,  or  40 
F;P.M.  Medium 
power  feed  —  80  to 
1". 

Vise,  copper  jaws. 


Engine  lathe. 

Ist  or  2d  speed  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

3d  speed  or  60  F.P.M. 
Fine  power  feed  — 
140  to  1". 


Medium  power  feed 
—  80  to  1". 

Fine     power     feed  — 
140  to  1". 

Hand  feed. 


Dog,  holder  and  ont- 
ter  30''  rake,  cali- 
pers, rule. 


Holder  and  cutter 
30®  rake,  1"  mi- 
crometer. 

Copper  sulphate, 
rule,  scriber. 


Rule,  dividers. 

Holder  and  cutter 
30""  rake,  calipers, 
rule. 

Holder  and  cutter 
30**  rake,  Morse 
taper-ring  gage 
No.  3,  chalk  or 
Prussian  blue. 

1"  micrometer. 
Calipers,  rule. 


Forming  tool. 
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SCHEDULE  OP  OPERATIONS,  MACHINES  AND 
T00I5,  Concluded 


Opbrationb. 

MACHuns,  Spbbd, 

FBBD6. 

Tools. 

Rough  turn  stem  }''  long  (•), 

Ist  or  2d  speed,  or  40 

Calipers,    rule,    and 

four  or  fiye  cuts.    Set  tool  at 

F.P.M.       Medium 

bevel  protractor. 

5V  and  form  point. 

power  feed  —  80  to 
1". 
Vise  copper,  jaws. 

Stamp  size  and  name  on  re- 

i" steel  figures  and 

duced  part  (7). 

letters,  hammer. 

MUl  tang  (iO). 

Universal  milling  ma- 

Index    centers,     1" 

chine,    2d    or    dd 

end  mill,  calipers. 

speed,or50F.P.M. 

rule,  oil. 

Medium  power  feed 

MUl  grooves  (ii),  (ii').    See 

—  .007"  per  cutter 

pp.  124»-1246. 

revolution. 

MiU  land  dearanee  ^'\  (1%), 

Universal  milling  ma- 

1" end  mill  or  special 

(ir).     See  pp.  1844, 1246. 

chine. 

cutter,  rule,  oil. 

Harden  in  water. 

Gas  furnace  or  forge 
1325«F.tol360»F. 

Tongs,  water. 

Temper  in  oil  (or  polish  and 

Oil-tempering  furnace 

(Red-hot  ring  or  col- 

temper to  straw  color). 

426'»  F.  to  436«  F. 

lar). 

Test  hardness  with  sclerosoope, 

or  dead-smooth  file. 

Grind  Uper  (•)   to  .763"  at 

Universal       grinding 

Grinding  wheel  No. 

end,  or  to  fit  Morse  taper- 

machine. 

60,    K,    vitrified. 

ring  gage.    See  pp.  7 12,  726, 

Morse    taper-ring 

830. 

gage.  No.  3,  chalk 
or  Prussian  blue, 
1"  micrometer. 

Set  grinding  nytchine  to  grind 
the  taper  for  body  clearance. 

Grind  body  to  1.000"  at  point 

of  drill.    See  pp.  12o6,  7l2. 

Nick  stem  (•),  with  grinding 

Twist  drill  grinder. 

Cup  grinding  wheel 

wheel;   break  off  and  grind 

No.     46  K,  vitri- 

point to  118°.  See  Principle 

fied,     bevel    pro- 

of Machine  Work. 

tractor. 

AUentUm,  —  If  the  drill  springs  in  hardening  and  tempering  an 
amount  in  excess  of  that  allowed  for  grinding,  it  should  be  carefully 
straightened  before  grinding.    See  p.  12l7. 

Information.  —  If  not  convenient  to  use  a  cylindrical  grinding 
machinCi  the  taper  shank  may  be  turned  and  filed  to  fit  a  Morse 
taper-ring  gage.  No.  3.  The  body  may  also  be  turned  and  filed  to 
siie. 


Digitized  by 


Qoogle 


1248  ADVANCED  MACHINE  WORK 

PRECISION  METHODS  OF  LOCATING  HOLES  **0R  JIGS 
AND  ACCURATE  MACHINE  PARTS 

49.  The  precise  location  of  holes  in  jigs,  fixtures,  master 
plates  and  accurate  machine  parts  is  obtained  by  the  plug 
method  for  large  work  and  by  the  button  method  for  small 
work.  For  ordinary  machine  work  where  an  error  of  xi/Vir"  to 
rhijs"  is  permissible,  the  usual  method  of  locating  holes  with 
surface  gage,  dividers,  rule,  and  center  punch,  and  then  draw- 
ing the  drill,  is  sufficiently  accurate.  See  Accurate  Drilling, 
Prindplea  of  Mdchine  Work.  To  locate  holes  of  precision 
in  jigs  and  fixtures  where  errors  greater  than  xAv"  are  not 
permissible  and  an  accuracy  of  ^jshW  is  often  required,  the 
plug  or  button  method  is  used. 

60.  Jigs  and  fixtures  are  usually  designed  by  the  draftsman 
and  made  by  the  toolmaker.  Many  toolmakers,  however, 
are  well  qualified  to  both  design  and  make  jigs  and  fixtures. 
The  shape. and  other  requirements  of  the  work  determine 
whether  a  plate,  solid,  box,  or  rotary  type  of  jig  is  required. 
See  Drilling  Jigs,  pp.  6oi-6lO.  The  jig  is  designed  by 
making  a  drawing  having  two  or  three  views  and  the  details. 
As  an  element  of  safety,  it  is  best  to  make  the  design  of  such 
shape  that  it  would  be  impossible  to  place  the  jig  on  the  work 
or  the  work  in  the  jig  the  wrong  way.  * 

After  the  position  of  the  work  in  the  jig  is  arranged,  the 
locations  of  the  holes  and  the  clamping  devices  are  deter- 
mined. Wooden  patterns  are  then  made  for  the  jig  body  and 
other  parts  that  are  to  be  made  of  cast  iron  and  iron  castings 
obtained. 

61.  Plane,  mill  or  grind  jig  castings  accurately.  —  The 
working  surfaces  of  jigs  and  fixtures  that  are  to  be  bored  by 
precision  methods  must  be  planed,  milled,  or  ground  accu- 
rately and  smoothly,  and  all  sharp  edges  slightly  beveled 
with  a  file.  Box  jigs  and  similar  fixtures  must  have  two  or 
more  surfaces  or  spots,  exactly  at  right  angles,  from  which  all 
measurements  are  taken. 
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62.  The  vernier  height  gage,  as  shown  in  Figs.  40,  42,  43, 
50  and  54,  is  a  combination  tool.  As  a  height  gage  it  is  used 
for  accurately  measuring  heights  and  spaces.  As  a  caliper, 
it  may  be  used  in  the  same  manner  as  the  vernier  caliper, 
see  pp.  2ll,  2i2.  It  is  an  indispensable  instrument  for  locat- 
ing holes  in  jigs  and  fixtures  by  the  plug  or  button  method. 

While  the  vernier  height  gage  may  be  set  to  a  ten-thousandth 
of  an  inchy  accurate  measurements  and  the  comparison  of 
distances  and  sizes  also  depend  on  the  sense  of  touch  or 
"  feel "  which  is  obtained  by  pressing  the  gage  or  caliper 
over  or  between  the  points  being  measured  with  a  uniform 
pressure. 

PLUG  METHOD  OF  LOCATING  HOLES 

63.  The  plug  method  is  a  process  of  precisely  locating  the 
axis  of  the  hole  to  be  made  with  the  axis  of  a  standard  plug 
held  in  the  spindle  of  a  universal 
or  precision  boring  mill,  or  milling  'JJ^rE^ 
machine.  With  either  machine  plate- 
the  process  is  the  same  except  for 
the  variation  in  movements  pecul-  _- 
iar  to  the  different  makes  of  ma-  «i— 
chines.  The  principle  of  the  plug 
method  of  alining  work  in  a  bor-  FiQ-  38. — The  Principlb  of 
ing  mill  is  shown  ux  Fig.  38.  "^^  ^^^°  Method  op  Locat- 
Measurements  are  taken  from  the 

hardened  and  accurately  ground  plug  A,  held  m  the  spindle  to 
the  accurately  scraped  angle  plate  B  which  is  clamped  to  the 
table  parallel  to  the  spindle,  and  from  plug  A  to  the  table  C. 

64.  To  locate  angle  plate  accurately  on  boring  mill  table.  — 
To  set  angle  plate  A,  Fig.  39^  parallel  to  axis  of  spindle  (as- 
suming that  the  table  is  true)  first  place  it  in  approximate 
position  on  table,  test  it  with  square,  and  clamp  lightly. 
Then  place  drill  chuck  in  spindle  and  fasten  test  indicator  B 
in  chuck.  Test  angle  plate  vertically  with  indicator  by 
moving  spindle  up  and  down,  and  longitudinally  by  moving 
spindle  in  and  out  and  adjusting  angle  plate  by  rapping  it 
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lightly  with  lead  hammer.  When  angle  plate  is  true,  clamp 
hard  and  test  again,  as  hard  clamping  has  a  tendency  to 
change  the  location  of  angle  plate. 


Fio.  39.  —  Locating  Angle  Plate  Accubatelt  on  Boring  Mill 

Table. 

AUention.  — Vertical  adjustments  are  made  on  some  types  of  boring 
mills  by  raising  or  lowering  spindle,  see  Fig.  39;  and  on  others,  by 
raising  or  lowering  table,  see  p.  6l6. 

66.  To  aline  jig  to  angle  plate.  —  Place  drilling  jig  A, 
Fig.  40;  against  the  tongue  blocks  B  and  C,  clamp  lightly 
and  set  parallel  to  the  angle  plate  D  by  taking  measurements 
at  E  and  F  with  vernier  height  gage  G.  Make  corrections 
by  rapping  jig  Ughtly  with  soft  hammer,  then  clamping  it  hard. 

66.  To  true  plug  in  spindle.  —  Taper  shank  plug  A,  Fig.  41, 
is  placed  in  spindle  B  and  tested  with  indicator  C  to  see  if  it 
runs  trUe.    If  the  plug  is  hardened  and  ground  accurately^ 
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Fig.  40.  —  Alining  Jig  to  Angle  Plate. 


and  care  is  used  in  placing  it  in  the  same  position  in  the 
socket  each  time,  it  should  run  true;  but,  if  it  runs  out  a 
slight  amount,  the  error  is  often  corrected  by  removing  and 
replacing  the  plug.  When  the  plug  runs  true,  the  jig  is  lined 
up  to  it. 

67.  To  set  axis  of  the  hole  to  be  bored  true  to  axis  of  the 
plugi  two  measurements  are  necessary.  First  set  vernier 
height  gage  A,  Fig.  42,  the  distance  called  for  on  the  drawing 
from  center  of  hole  in  boss  B  to  bottom  of  jig  C  or  to  table  JD, 
minus  one-half  the  diameter  of  plug  £,  then  adjust  spindle  F^ 
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Fig.  41.  — ^Tbuinq  Plug  in  Spindle. 

up  or  d6wn,  until  distance  is  correct  as  determined  by  the 
vernier  height  gage  A^  Fig.  42. 

Second,  set  vernier  height  gage  A,  Fig.  43,  the  distance 
called  for  on  drawing  from  center  of  hole  in  boss  B  to  side  of 
jig  C  plus  distance  from  jig  C  to  angle  plate  D  minus  one-half 
diameter  of  plug  E^  then  adjust  table  F  until  this  distance 
is  correct  as  determined  by  vernier  height  gage  -4,  Fig.  43. 

68.  To  bore  hole  in  jig.  —  Place  short  drill  A,  Fig.  44,  in 
the  spindle  and  spot  the  work  to  make  a  true  cavity,  as  at  A\ 
see  also  pp.  408, 4o9.  Then  use  two  or  three  drills,  as  at  £  and 
C,  the  largest  being  about  ^*'  smaller  than  the  finished  hole. 
Each  drill  removes  but  a  small  amount  of  stock,  thus  elimi- 
nating the  danger  of  drilling  the  hole  out  of  aUnement. 

After  drilling,  special  boring  tool  D  is  used  with  a  fine  power 
feed.  Several  boring  tools  may  be  used  with  the  cutter 
set  in  each  to  remove  but  a  small  amount  of  stock.    The 
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cutter  in  the  last  boring  tool  is  set  to  bore  the  hole  to  the 
required  size.    See  also  Adjustable  Boring  Tool,  Fig.  47. 


Fig.  42.  —  Sbtting  Plug  Ck>BBBCT  Distancb  from  Tablb. 


Pig.  43.  —  Sbtfing  Angle  Plate  Cobbbct  Distance  from  Plug. 

Test  hole  with  plug  gage  or  measure  with  inside  micrometer. 
Reamers  are  rarely  used  on  this  class  of  work  as  they  have 
a  tendency  to  throw  the  hole  out  of  alinement.    If  the  plug 
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gage  fits  rather  tight  after  entering  about  halfway,  a  reamer 
is  used  to  relieve  the  back  end  of  hole.    In  this  operation 


Fig.  44.  —  Bobino  Hole  in  Jig  with  Special  Boring  Tool. 


'/<■:  '■■-4    ^,  ■■'/    ^4i  . 
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Fig.  45.  —  Bushings  fob  Dbilling  Jigs. 

the  hole  is  not  changed  as  the  reamer  removes  so  small  an 
amount  of  metal  that  it  burnishes  but  does  not  cut. 
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Warning. — After  boring  the  hole  and  before  removing  the  jig, 
place  a  plug  in  the  hole  and  test  the  measurements  from  gage  to  angle 
plate  and  table. 

InformaHan.  —  Additional  holes  in  jig  may  be  located  by  the  same 
method. 

Attention.  —  In  locating  and  boring  holes  which  pass  through  two 
opposite  aces  of  a  box  jig,  the  boring  is  carried  through  the  first  face, 
^nie  work  is  then  reversed,  relocated,  and  the  second  face  bored.  This 
avoids  the  error  that  may  be  caused  by  the  spring  of  a  long  boring  tooL 

69.  Bushings  for  drilling  jigs.  —  As  holes  in  cast  iron  or 
machine  steel  would  soon  wear  out  of  true  by  the  action  of 
the  tools  which  pass  through  them,  holes  in  jigs  are  lined  with 
hardened  and  ground  steel  bushings.  The  fixed  drilling 
bushing,  as  shown  at  A,  Fig.  45,  is  made  of  carbon  steel  hard- 
ened and  tempered.  The  hole  is  ground  and  lapped  to  the 
required  size,  and  the  outside  diameter  ground  to  about  .002'' 
larger  than  the  bored  hole  and  forced  in  with  a  press.  Where 
more  than  one  size  of  bushing  must  be  used,  they  are  called 
slip  or  removable  bushings.  A  slip  bushing  for  the  drill  is 
shown  at  B,  for  the  reamer  at  C,  and  for  the  tap  at  D.  The 
hole  is  also  lined  with  a  hardened  and  ground  steel  bushing 
as  at  E,  forced  in  to  receive  the  slip  bushing.  The  tops  of 
slip  bushings  are  usually  nurled  so  that  they  may  be  readily 
removed  with  the  fingers,  and  they  are  often  held  in  place 
with  a  binding  screw,  as  at  F. 

60.  To  locate  one  hole  accurately  from  another  hole  by 
the  use  of  two  plugs.  —  This  method  is  used  on  jigs,  fixtures, 
and  accurate  machine  parts  in  the  boring  mill  or  milling 
machine.  To  bore  holes  1  and  2  in  lugs  A  and  jB,  in  a  machine 
part.  Fig.  46,  as  shown  in  detail  at  A'  and  B',  clamp  work  to 
milling  machine  table,  drill  and  bore  hole  1  in  lug  A,  Move 
table  and  place  plug  C  in  spindle,  and  plug  D  in  hole  1,  then 
adjust  table  and  measure  over  plugs  C  and  D  with  vernier 
caliper  E  or  micrometer.  This  measurement  should  be 
the  distance  between  centers  of  holes  1  and  2  plus  half  the 
diameter  of  each  of  the  plugs  C  and  D* 

As  holes  1  and  2  are  not  in  horizontal  alinement,  measure 
distance  F  from  plug  C  to  the  table  with  vernier  height  gage. 
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then  raise  table  the  di£Ference  in  alinement  of  holes  1  and  2, 
as  shown  in  detail  at  G,  and  again  measure  with  vernier 


Fig.  46.  —  LocATiNa  One  Holb  Accttratbly  fbo]#  Anothbb  Hols 
BT  UsiNQ  Two  Plugs  m  Milling  Machine. 


Fig.  47.  —  Boring  with  Adjustable  Tool. 

height  gage  from  plug  C  to  table.  This  measurement  should 
be  distance  F  minus  the  difference  in  alinement.  Hole  2  is 
then  drilled  and  bored. 
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61.  Adjustable  boring  tool  shown  at  A^  Fig.  47,  is  used  for 
boring  in  milling  machines,  boring  mills,  drill  presses  and 
engine  lathes. 

The  cutter  B  is  adjusted  by  micrometer  screw  C,  making 
it  very  useful  for  precision  boring. 

Attention.  —  If  a  milling  machine  is  used,  care  must  be  taken  to 
see  that  it  is  in  good  condition.  If  there  is  an  appreciable  sag  of  the 
knee,  an  allowance  should  be  made  in  setting  the  work.  In  any 
machine  used  for  accurate  boring,  the  sUdes  should  be  cleaned  and 
oiled  and  the  gib  screws  adjusted  so  that  all  movable  parts  fit  closely 
but  not  too  firmly. 

BUTTON  MBTHOD  OF  LOCATING  HOLES 

62.  The  button  method  is  a  process  of  precisely  locating 
holes  with  hardened  and  ground  buttons  or  collars  often  called 
toolmakers'  buttons.  It 
is  a  slower  process  than 
the  plug  method  but  it  is 
used  for  small  accurate 
work.  It  consists  of  three 
operations:  First,  locate 
the  button  precisely  and  Fi«- 48. -Thb  Button,  Awn  Method  of 

1  -x  X    XL    *  1  X     Fastening  THE  BxTPTON  TO  Plate  OB  Jia. 

clamp  it  to  the  face  plate 

x>r  jig.    Second,  clamp  the  plate  or  jig  to  the  face  plate  of 

the  lathe,  test  the  button  with  a  sensitive  test  indicator  and 

adjust  plate  or  jig  until  the  button  is  perfectly  true  to  the 

axis  of  rotation. .  Third,  drill  and  bore  the  hole. 

The  button  used  is  shown  at  A,  Fig.  48;  it  is  about  \"  long, 
and  ground  to  some  exact  diameter,  as  .300",  .400"  or  .500", 
with  perfectly  square  ends.  Where  only  one  hole  is  to  be 
located,  a  button  of  an  exact  diameter  is  not  important;  but 
if  two  or  more  holes  are  to  be  located,  they  should  all  be  of  the 
%am^  diameter.  A  sectional  view  of  the  button  is  shown  at  jB, 
and  the  method  of  clamping  to  plate  or  jig  C  by  special  cap 
screw  T>  and  washer  E. 

The  screw  may  be  about  J"  X  40,  and,  to  permit  adjust- 
ment, hole  F  in  the  button  is  about  ^"  larger  than  the  screw. 
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63.  To  locate  the  button  on  a  plate.  —  For  hole  A,  Fig.  49, 
locate  the  button  B  on  plate  C  the  distances  D  and  E  from 
side  and  end  of  the  plate  by  finding  its  approximate  center 
with  surface  gage,  rule,  and  square,  and  making  a  center 
punch  mark.  The  center  punch  mark  is  usually  within  .OKK' 
of  being  correct.  Next  drill  and  tap  for  the  screw,  file  off 
burr  and  fasten  button  lightly  to  the  plate  with  the  screw. 


Fia.  49.  —  LocATiNQ  the  Button  Accubatblt  on  a  Platb. 

Then  hold  parallel  F  against  side  of  plate,  measure  with  mi- 
crometer caliper  G,  and  adjust  the  button  by  rapping  it  lightly 
with  a  lead  hammer  until  this  measurement  equals  the  dis- 
tance D  plus  thickness  of  parallel,  plus  half  the  diameter  of 
the  button.  Repeat  the  process  for  distance  E  with  microm- 
eter as  shown  dotted  at  R.  Measure  the  distances  D  and  E 
alternately,  until  button  is  precisely  located,  then  fasten  button 
down  hard.  Clamp  the  plate  lightly  to  an  accurate  face  plate 
of  an  engine  lathe,  and  test  the  button  with  a  sensitive  test 
indicator  held  in  the  tool  post,  and  adjust  the  plate  until  the 
button  is  perfectly  true  to  the  axis  of  rotation,  see  Art.  65, 
pp.  1259,  1260.    To  bore  the  hole,  see  Art.  66,  pp.  1260,  1261. 
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64.  To  locate  the  button  on  a  drilling  jig.  —  Hole  A,  Fig.  50, 
is  to  be  located  halfway  between  the  legs  of  drilling  jig  B  and 
at  a  given  distance  from  the  face.  Locate  center  of  hole 
"with  surface  gage,  rule,  square,  and  center  punch.  Drill 
and  tap  hole,  file  off  burr,  wipe  clean  and  fasten  button  G  to 
the  jig.  Clamp  jig  to  the  accurately  scraped  angle  plate  2) 
to  give  larger  working  distances.     Set  vernier  height  gage  E 


ORILLINQ 
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Fig.  50.  —  Locatinq  the  Btttton  on  a  Drilling  Jig. 

to  equal  the  distance  from  the  edge  of  jig  to  the  center  of  hole 
plus  one-half  the  diameter  of  button  plus  thickness  of  the 
angle  plate.  Transfer  this  setting  to  sensitive  test  indicator 
F,  with  needle  at  center  of  scale.  Adjust  button  until  there 
is  no'  change  of  needle-reading.  Turn  the  jig  down  and  repeat 
this  process  to  locate  button  the  correct  distance  from  face 
of  jig.  Then  fasten  button  on  hard  and  test  again,  as  hard 
clamping  may  change  the  position  of  button. 

66.  To  set  button  true  to  axis  of  rotation.  —  Clamp  drilling 
jig  A,  Fig.  51,  lightly  to  a  perfectly  true  face  plate  with  button 
B  approximately  true  to  axis  of  rotation,  then  balance  with 
counterweight  C.  See  also  pp.  407,  408.  Rotate  spindle  by 
hand  and  test  the  location  of  button  B  by  indicator  D.    Ad- 
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just  jig  by  rapping  it  lightly  with  a  lead  hammer  until  the 
needle  of  indicator  ceases  to  move,  then  tighten  the  claonping 
bolts.  Test  button  again,  as  final  clamping  may  change 
location  of  button. 


Fig.  51.  —  SBTnNa  Button  True  to  Axis  of  Rotation. 

66.  To  bore  the  hole  in  jig.  —  Remove  button  and  with 
flat  drill  A,  Fig.  52  (or  centering  tool),  held  in  a  drill  chuck 
fitted  into  footstock  spindle,  cut  true  cavity  B  to  start  ^drill. 
See  also  p.  409.  Then  use  increasing  sizes  of  drills  imtil 
hole  is  within  ^"  of  size.  Bore  hole  C  exactly  to  size  with 
boring  tool  D  taking  two  or  more  cuts  and  using  a  fine  power 
feed.  Test  hole  with  plug  gage  or  measure  with  inside  microm- 
eter.   See  Bushings  for  DriUing  Jigs,  p.  1255. 

Warning,  —  Care  should  be  taken  to  see  that  the  lathe  spindle 
bearings  are  tight  for  any  looseness  will  affect  the  truth  of  the  bored 
hole.  Also,  see  that  the  jig  is  accurately  counterbalanced  as  the  bored 
hole  will  be  out  of  true  if  the  jig  has  any  springing  or  vibrating  action. 
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If  the  shape  of  the  work  is  such  that  the  rotative  speeds  for  drilling 
and  boring  will  cause  the  spindle  to  spring  and  the  work  to  vibrate, 
use  the  plug  method  and  a  boring  mill,  or  miUing  machine,  where  the 
work  will  be  stationary  and  the  drills  and  boring  tool  will  revolve. 

AUerdion,  —  The  true  cavity  starts  the  drill  true  and  eliminates  the 
eccentricity  of  the  tapped  hole. 

Infarrnation.  —  The  button  method  may  be  used  in  boring  mill  or 
milling  machine  by  alining  the  button  to  a  slip  bushing  on  plug  in 
the  spindle. 


roOTITOOK 
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Fig.  52.  —  Bobing  thb  Holb  in  Jig  in  thb  Engine  Lathb. 

67.  To  locate  two  holes  by  the  button  method  usually 
requires  that  measurements  be  referred  to  the  buttons  them- 
selves as  well  as  to  the  edges  of  the  work.  In  Fig.  53  button  A 
for  hole  1  is  to  be  located  with  reference  to  edges  CD  and  DE 
on  plate  F,  and  button  B  for  hole  2,  with  reference  to  button  A 
and  edge  DE.  First  locate  both  buttons  approximately  with 
reference  to  edges^  by  the  method  given  on  p.  1258. 

The  precise  locations  of  buttons  A  and  B  are  determined 
with  micrometers,  as  shown  in  Fig.  53. 
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Fig.  53. — Locating  Two  Holes  by  the  Button  Method. 

68.  To  locate  and  bore  holes  an  approximate  distance 
apart  with  boring  mill  or  milling  machine.  —  On  jigs  and 
fixtures  where  the  extreme  accuracy  of  the  plug  or  button 
method  is  not  required,  the  holes  may  be  located  and  bored 
approximately  accurate  a  given  distance  apart  by  using  the 
graduated  dials,  reading  in  thousandths  of  an  inch,  on  the 
actuating  screws  of  a  boring  mill  or  milUng  machine.  See 
p.  6l6. 

69.  To  locate  and  bore  two  or  more  holes  an  exact  distance 
apart  with  boring  mill  or  milling  machine.  —  First,  clamp  the 
work  to  the  table  and  adjust  the  table  to  move  the  work  to 
the  proper  position,  then  drill  and  bore  the  first  hole  to  the 
required  size.  Second,  move  the  table  by  the  actuating 
screw  the  required  distance  for  the  second  hole  as  indicated 
on  the  micrometer  dial.  Third,  drill  and  bore  the  hole  -^^ 
small  and  place  a  plug  or  proof  bar  in  each  hole.  Fourth, 
test  the  distance  between  the  bored  holes  by  measuring  over 
both  plugs  with  a  micrometer.  If  after  subtracting  half  the 
diameter  of  each  plug  from  this  reading,  the  result  is  not 
the  required  distance,  correct  by  moving  the  actuating  screw 
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the  required  number  of  thousandths  of  an  inch  or  fraction  of  a 
thousandth^  as  indicated  by  the  micrometer  dial,  then  bore  the 
hole  to  the  required  size. 

SINE  BAR 

70.  The  sine  bar  is  used  for  the  precision  measurement  gf 
angles,  and  for  locating  work  at  precise  angles.  It  consists 
of  a  hardened  and  ground  bar  with  hardened  and  ground 
plugs  placed  at  a  precise  and  known  distance  (usually  10^0 
apart,  which  by  means  of  a  vernier  height  gage  and  a  table 
of  sines  and  cosines  may  be  set  to  any  angle  or  used  to  measure 
any  angle  precisely.  Some  sine  bars,  as  A,  Fig.  54,  are  made 
with  hardened  bushings  to  which  accurately  ground  removable 
plugs,  B  and  C,  are  fitted;  other  sine  bars,  as  B,  Fig.  55,  have 
fixed  plugs,  C  and  D. 

InformaHan.  — The  holes  in  the  sine  bar  are  located  by  either  the 
plug  method  or  the  button  method. 

71.  To  set  adjustable  angle  plate  with  the  sine  bar. — 
In  Fig.  54  the  sine  bar  A  is  used  to  set  adjustable  angle  plate 


FiQ.  54.  —  Sbtting  Adjubtablb  Anqlb  Platb  wifh  thb  Sinb  Bab. 

D  at  a  precise  angle:  First,  place  angle  plate  on  the  scraped 
surface  plate  and  set  it  approximately  by  bevel  protractor  E, 
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then  with  square  F  set  sine  bar  parallel  to  edge  of  angle  plate, 
and  clamp  in  position.  Find  difference  in  height  of  plugs  B 
and  C  with  vernier  height  gage  O  and  obtain  the  precise 
angle.  Adjust  plate  with  wrench  H  and  lead  hammer  J 
until  difference  in  height  of  plugs  is  correct  for  the  desired 
angle.  For  example,  the  angle  plate  is  to  be  set  at  30^.  The 
sine  of  30°  is  \.  Therefore,  with  a  10"  sine  bar  the  difference 
in  height  of  the  plugs  should  be  y  or  5". 

AUerUian.  —  As  each  adjustment  of  angle  plate  changes  the  height 
of  both  plugs  making  the  vernier  readings  difficult  to  remember,  it  is 
customary  to  make  a  record  of  the  readings  as  suggested  by  the  pencil 
and  block  of  paper  at  K,  The  magnifying  glass  at  L  may  be  used 
to  read  the  vernier. 

72.  To  measure  and  originate  tapers  with  the  sine  bar.  — 
The  sine  bar  may  also  be  used  for  measuring  and  originating 
tapers. 

In  Fig.  55  plug  gage  A  is  to  have  a  taper  of  .5161"  per  foot. 
While  this  is  a  standard  taper  (Brown  &  Sharpe,  No.  10)  it 
may  be  assumed  that  there  is  no  ring  gage  or  templet  p-^ 
available  and  the  sine  bar  is  used  instead  of  a  gage. 
The  plug  is  placed  in  the  fixture  on  the  scraped  sur- 
face plate  and  the  sine  bar  B  adjusted  to  the  taper 
gage  and  clamped  in  position.  The  difference  in 
height  of  the  plugs  C  and  D  is  found  by  vernier 


FiQ.  55.  —  MsASUBiNa  a  Tapsb  Gaqb  wtih  thb  Sinb  Bab. 

height  gage  E.  If  the  difference  is  not  correct  for  the  re- 
quired taper,  the  gage  is  corrected  by  grinding  or  lapping 
and  the  process  repeated.  For  example,  gage  A  is  to  have 
a  taper  of  .5161"  per  foot  or  .5161"  -^  12  =  .04301"  per  inch. 
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Assuming  a  10^'  sine  bar  is  used  the  difference  in  height  of  the 
plugs  C  and  D  should  be  .04301  X  10  or  .4301". 

73.  Other  uses  for  the  sine  bar.  —  Besides  being  useful 
for  the  above  processes,  the  sine  bar  is  used  for  setting  milling 
machine  heads  and  tables,  testing  angle  settings  of  vises, 
chucks,  and  other  machine  tools  where  precision  is  desired. 
It  is  also  very  useful  in  toolmaking  for  inspection  purposes. 

RELIEVING  FORMED  MILLING  CUTTERS,  TAPS,  DIES, 
COUNTERBORES  AND  HOBS 

74.  Relief  or  clearance  on  formed  milling  cutters.  —  The 
clearance  on  lathe  and  planer  cutting  tools  is  produced  by  hand 
or  machine  grinding.  See  pp.  135-142.  The  clearance  on 
plain,  radial  and  angular  milling  cutters  (also  some  form  milling 
cutters)  and  reamers,  is  produced  by  grinding  a  flat  clearance 
on  the  teeth  with  cutter  grinding  machines.    See  pp.  808-832. 


Fio.  56.  —  FoBMKD  Milling  CtnrBR. 

Formed  milling  cutters,  as  in  Fig.  56,  for  milling  surfaces  of 
irregular  outUne  and  gear  cutters,  see  p.  lloi,  also  taps,  dies, 
oounterbores,  hobs,  and  similar  rotary  cutters,  are  given  an 
eccentric  relief  or  clearance.  A  hand  method  of  producing  this 
relief  is  to  file  an  increasing  amount  of  metal  away  from  the 
cutting  edge  to  the  heel  of  the  teeth.  This  is  not  satisfactory 
as  formed  cutters  are  sharpened  by  grinding  the  teeth  radially, 
see  pp.  823y  824,  and  the  grinding  will  change  the  outline  of  the 
teeth. 
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76.  Machine  relief.  —  Formed  milling  cutters  are  given 
an  eccentric  relief  or  clearance  (the  land  back  of  the  cutting 
edge  is  curved,  not  flat)  with  a  cutter-relieving  or  backing-ofif 
attachment  in  an  engine  lathe,  see  p.  1271,  or  with  a  cutter-re- 
lieving machine,  see  pp.  1286. 

To  relieve  very  large  cutters,  or  to  make  cutters  in  quantities, 
special  cutter-relieving  machines  are  generally  used. 


(iKm 


FiQ.  57.  —  Showinq  the  Pbinciple  of  Relievinq  Formed 
MiLUNG  Cutters. 

76.  The  principle  of  relieving  formed  milling  cutters  is 
shown  in  Fig.  57.  —  The  teeth  of  formed  milling  cutter  A  are 
relieved  or  backed  off  to  give  an  eccentric  relief,  as  at  B.  See 
Art.  89,  p.  1274.  It  corresponds  to  the  clearance  below  the 
cutting  edge  of  turning  tools.  See  Cutting  Tools,  pp.  125-135, 
801-309,  and  Cutter  Grinding,  pp.  808^27.  This  relief  is 
obtained  by  giving  forming  tool  C  a  forward  and  backward 
motion  from  zero  to  l"  or  more,  according  to  the  amount  of 
relief  desired.  Each  tooth  is  given  the  same  amount  of  eccen- 
tric relief.  After  hardening  and  tempering,  each  tooth  is  ground 
radially  with  a  thin  grinding  wheel,  as  at  D.    This  grinding 
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does  not  change  the  curvature  or  outline  of  the  cutter  which  is 
of  the  greatest  importance  in  producing  duplicate  work  and  work 
of  precision. 

77.  The  process  of  making  forming  tools  for  relieving 
formed  milling  cutters.  —  Simple  forming  tools  for  relieving 


i^ 


Fig.  58.  —  Forminq  Tool  —  29**  Thread  Reubyinq  Toou 

straight  outlines  or  those  which  do  not  have  to  be  geometrically 
correct;  may  be  forged  and  ground  to  the  desired  shape  like 
ordinary  lathe  tools,  as  shown  in  Fig.  58,  but  with  a  clearance 
angle,  as  at  A,  from  20°  to  25°. 

For  cutters  of  irregular  outline,  the  forming  tool  should  be  a 
flat  cutter,  as  shown  in  Fig.  59,  and  secured  in  a  suitable  tool- 


^ 


r-^ii\ 


Fig.  69.  —  Flat  Fobiono  drrrBB. 

holder.    This  tool  is  sharpened  by  grinding  on  the  top  surface 
A,  which  must  be  kept  parallel  with  the  shank.    See  p.  825. 

78.  Master-tools  or  scrapers,  are  used  to  produce  these 
forming  tools.  —  The  master-tool  is  made  the  reverse  of  the 
shape  of  the  forming  tool:  A  flat  piece  of  tool  steel  about  |  of 
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an  inch  thick,  as  shown  in  Fig.  60,  is  accurately  lined  out,  planed 
or  milled,  and  carefully  filed  to  the  exact  form  desired  with  no 
clearance.  It  is  then  hardened,  tempered,  ground,  and  lapped 
to  correct  errors. 


Fia.  60.  —  Master-Tool  or  Scrafeb. 

Attention.  —  No  straight  cutting  edge  of  a  forming  tool  should 
be  designed  to  cut  perpendicularly  to  the  axis  of  the  cutter,  but 
inclined  about  5°  for  clearance. 

79.  Shaping  the  forming  tool  with  a  shaper.  —  The  opera- 
tion of  shaping  the  forming  tool  is  shown  in  Fig.  61.  The  form- 
ing tool  A  is  first  machined  and  filed  nearly  to  shape,  then  held 
in  fixture  B,  which  is  clamped  in  the  shaper  vise  at  the  desired 
clearance  angle  20®,  as  in  detail  at  C. 

A  clearance  of  about  twenty  degrees  is  given  forming  tools 
for  eccentrically  relieving  formed  milling  cutters,  taps,  hobs, 
etc.,  having  a  moderate  relief.  For  a  very  large  amount  of 
relief,  this  clearance  may  have  to  be  increased. 

Forming  tools  for  concentric  forming  need  not  have  more 
than  from  12°  to  15®  clearance. 

The  master-tool  D  on  shaper  is  clamped  in  special  tool- 
holder  E,  in  alinement  with  the  forming  tool,  or  180°,  as  at  F, 
otherwise  the  master-tool  will  not  cut  the  correct  shape  in  the 
forming  tool.  Supports,  as  at  G,  prevent  the  master-tool  from 
sprin^g.  The  shaper  must  be  run  at  a  slow  speed.  The 
forming  tool  should  be  so  near  to  the  desired  shape  that  the 
master-tool  will  have  to  take  but  a  few  scraping  cuts  to  produce 
the  correct  shape.  The  forming  tool  is  hardened  and  tempered, 
and  ground. 
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InfarmaJtUm.  —  Master-tools  and  forming  took  for  accurate 
work  should  be  made  of  a  high-grade  carbon  or  tool  steel  that 
will  shrink  but  a  minimum  amount  in  hardening  and  tempering. 


Fia.  61.  —  AccTiRATB  Process  op  Shaping  Forming  Tool. 

80.  To  set  forming  tools  in  the  lathe  or  cutter  relieving 
machine.  —  The  bottom  of  forming  tools  and  tool  holders 
should  be  machined  to  facilitate  accurate  setting.  To  relieve 
work  of  straight  outline,  the  tools  are  set  at  height  of  center, 
clamped  in  the  tool  post,  then  adjusted  to  suit  the  work. 

Forming  tools  for  work  of  precision  of  irregular  outline,  must 
be  set  at  the  height  of  centers  and  at  right  angles  to  the  axis  of 
the  cutter.  This  may  be  done  with  reasonable  accuracy  by 
shaping  the  flat  cutter  to  a  known  relation  to  an  edge  or  a  side, 
then  setting  this  edge  parallel  or  the  side  perpendicular  to  the 
axis  of  the  work.    For  greater  precision,  the  forming  tool  may 
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be  adjusted  to  the  correct  relation  to  the  work  axis  with  a  test 
indicator.  See  Test  Indicators,  pp.  12l0-12l3.  Straight  and 
curved  parts  of  the  forming  tool  should  be  set  within  .001'^  and 
angular  parts  within  five  minutes. 
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Fig.  62.  —  Examples  of  Flat  Forming  Tools  fob  RsLiEViNa 
Formed  Miluno  CxrrTBBS  are  Shown  at  A,  B,  C,  and  D 

Information.  —  Some  toolmakers  match  the  form  to  the  cutta* 
by  the  use  of  a  feeler  gage  or  by  placing  a  sheet  of  white  paper 
under  the  tool  and  cutter  and  testing  the  accuracy  of  the  setting 
by  the  light  line  between  the  edge  of  the  tool  and  cutter  when 
they  are  brought  close  together. 
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81.  Cutter  relieving  attachment  for  engine  lathes,  Fig.  63.  — 
The  attachment  is  bolted  to  lathe  bed  at  A,  and  toot  slide  B  is 
fastened  to  cross  slide  in  place  of  regular  tool  block  or  compound 
rest. 


ATTACHMEHT 


E*fQlNe  LATHE 


CONVfK 
FORUED 

CUTTER 

N 


Fig.  63.  —  Relievinq  Convex  Formed  Milling  Cutter  with 
Relieving  Attachment  in  Engine  Lathe. 

Motion  for  the  actuating  mechanism  is  obtained  from  the 
feed  stud  gears  the  same  as  for  thread  cutting.  Sector  C  is 
used  to  bring  the  gearing  into  mesh  with  gear  on  end  of  cam 
shaft  D. 

To  the  sleeve  of  cam  shaft  D,  a  four-lobe  cam  E  is  keyed. 
The  gearing  and  cam  impart  an  oscillating  motion  to  the  uni- 
versal joint  shaft  F;  and  by  means  of  an  eccentric  at  tool-slide 
end  of  shaft,  a  reciprocating  motion  is  given  forming  tool  G, 

The  amount  of  relief  may  be  varied  for  different  types  of 
cutters  by  a  toothed  coupling  at  J  on  ends  of  universal  joint 
oscillating  shaft  and  cam  lever.  This  permits  a  change  of  the 
relative  position  of  the  eccentric  in  tool  slide  to  cam  lever,  and 
lengthens  or  shortens  the  reciprocating  travel  of  tool.  The 
toothed  coupling  gives  a  relieving  or  backing-off  adjustment 
from  zero  to  J''  on  the  different  sizes  of  lathes. 
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A  table  of  change  gears  for  the  number  of  teeth  or  fiu€es  per 
revolution,  is  furnished  with  cutter  relieving  attachments  and 
cutter  relieving  machines. 

Attention,  —  On  some  cutters  the  relieving  attachment  is 
placed  at  the  back  of  the  lathe. 

82.  Speed  for  relieving  should  be  slower  than  for  ordinary 
turning  or  threading. 

For  narrow  cuts,  approximately  170  teeth  may  be  relieved 
per  minute;  but,  for  very  wide  forming  tools  the  speed  may  have 
to  be  reduced  to  8  or  10  teeth  per  minute  depending  on  the 
width  of  the  cut.  The  tool  slide  should  be  adjusted  to  move 
freely  but  not  loosely. 

83.  Feed  for  relieving  may  be  considerably  more  than  .001" 
for  each  revolution  of  the  cutter  for  the  first  cuts;  but  for  the 
last  few  finishing  cuts,  the  feed  should  be  less  than  .001"  to 
insure  smoothness. 

84.  Lubricant.  —  All  work  is  relieved  dry. 

86.  Coloring  the  cutter.  —  To  plainly  see  the  cutting  action 
of  the  tool,  and  to  know  when  to  stop  relieving,  the  cutter  should 
be  colored  by  dipping  it  into  a  strong  solution  of  copper  sulphate, 
or  by  heating  it  to  a  blue. 

86.  To  prepare  and  flute  formed  milling  cutter  blank. — 

Chuck  out  an  annealed  highnspeed  or  carbon-eteel  disk. 

Press  a  mandrel  firmly  into  the  hole.  Face  both  sides  and 
rough  turn  curved  parts  to  approximate  shape. 

Fasten  forming  tool,  that  is,  the  tool  to  be  used  in  relieving, 
in  tool  post,  at  right  angles  to  axis  of  work,  and  adjust  it  to 
height  of  centers  and  finish  form  cutter  blank  to  shape.  Next, 
mill  flutes  in  blank  with  an  angular  cutter  (30°  to  45°  with 
points  of  teeth  rounded)  to  give  the  required  number  of  teeth 
and  ample  chip  room.  The  cutter  is  now  ready  to  be 
relieved. 

Attention.  —  Eccentrically  relieved  cutters  are  usually  made 
with  fewer  and  thicker  teeth  than  ordinary  cutters;  this  pro- 
longs the  life  of  the  cutters  as  they  may  be  repeatedly  sharp- 
.ened  and  used  until  the  teeth  are  very  thin  and  liable  to 
^  break. 
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87.  To  relieve  fonned  milling  cutter.  Fig.  63.  —  Press 
mandrel  firmly  into  cutter  as  the  cutter  must  not  slip  on  man- 
drel. Fasten  dog  firmly  on  mandrel,  and  wedge  or  otherwise 
confine  tail  of  dog  in  the  slot  in  face  plate  to  avoid  back  lash. 
Clamp  forming  tool  (?,  or  a  fiat  forming  cutter  of  the  desired 
shape,  firmly  in  a  tool  holder  in  tool  post,  at  right  angles  to  axis 
of  cutter  H,  and  at  height  of  lathe  centers.  Adjust  the  tool  by 
means  of  cross  slide  and  carriage,  to  fit  the  cutter,  then  clamp 
carriage  to  lathe  bed. 

Select  the  change  gears  to  drive  the  attachment  from  the 
table  to  index  the  required  number  of  teeth  or  fiutes  in  cutter. 
Arrange  gears  on  stud  and  cam  shaft.  To  adjust  movement 
of  tool  slide  so  that  forward  movement  of  tool  will  meet  cutting 
edge  of  tooth  and  promptly  return  after  passing  heel  of  tooth, 
drop  a  tooth  in  change  gears.  Then  adjust  tool  to  aline  with 
the  cutting  edge  of  tooth,  and  rotate  the  lathe  spindle  forward 
a  few  revolutions  by  hand  and  observe  action  of  tool  in  relation 
to  the  teeth  of  cutter.  If  tool  does  not  meet  the  cutting  edge 
of  a  tooth  and  promptly  return  after  leaving  the  heel,  repeat 
the  adjusting  operation.    See  p.  332. 

When  the  movement  of  the  tool  in  relation  to  the  teeth  is 
timed  correctly,  the  process  of  relieving  the  teeth  may  begin. 

Move  tool  forward  to  touch  a  tooth  near  the  heel.  Start  the 
lathe  and,  after  each  revolution  of  cutter,  move  tool  forward  one- 
thousandth  of  an  inch  or  less  by  advancing  the  cross  feed.  E]ach 
cut  begins  nearer  the  front  of  the  teeth.  When  the  cutter 
reaches  the  cutting  edge  of  the  teeth,  the  relieving  process  is 
finished.  After  hardening  'and  tempering,  the  cutter  may  be 
sharpened.    See  pp.  823,  824. 

88.  To  measure  relief  of  formed  milling  cutter  place^  the 
cutter  on  a  mandrel,  mount  on  centers,  revolve  by  hand  and 
with  a  dial  test  indicator,  see  p.  12l2  (or  with  tool  in  tool  post 
and  rule),  measure  the  distance  between  the  cutting  edge  and 
heel  of  a  tooth.  This  difference  is  the  relief  or  clearance.  For 
general  purposes  the  relief  may  be  about  .010"  for  each  iV"  of 
thickness  of  tooth  measured  on  the  circumference. 
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Example.  —  A  tooth  i"  thick  would  have  .040"  relief;  a 
tooth  ^V  thick,  .050'';  a  tooth  f"  thick,  .060''. 

Attention.  —  The  teeth  of  formed  miUing  cutters  are  some- 
times remilled  after  relieving  which  gives  them  a  sharper  edge 
and  reduces  the  amount  of  grinding. 

89.  To  relieve  a  large  concave  formed  cutter,  A,  Fig.  64.  — 
The  process  of  relieving  this  cutter  is  the  same  as  for  the  concave 
cutter,  Fig.  63,  except  that  the  speed  must  be  much  slower  and 
the  cuts  hghter. 


Fig.  64.  —  REUEviNa  Large  Concave  Formed  Cutter. 

90.  To  relieve  side  of  angular  formed  cutter,  A,  Fig.  65.  — 
The  cutter  relieving  attachment  can  be  used  not  only  to  relieve 
the  teeth  of  cutters  parallel  to  the  axis,  but  also,  to  give  side 
relief  (90"*),  or  reUef  at  any  angle  to  the  axis,  as  in  Fig.  65.  The 
swivel  tool  slide  is  set  perpendicularly  to  the  surface  to  be  re- 
lieved. The  proper  gears  for  indexing  are  selected  and  arranged. 
The  relieving  tool  is  fastened  in  the  tool  post,  and  the  process  of 
operating  is  the  same  as  for  the  convex  cutter.  Fig.  63. 
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Information.  —  Formed  milling  cutters  need  not  be  made 
to  exact  diameters  but  the  curvature  should  be  accurate. 


FiQ.  66.  —  REI.IEYING  Angular  CurrBR. 


91.  To  relieve  a  counterbore  (side  relief).  —  The  method 
of  giving  side  relief  to  the  cutting  teeth  of  a  counterbore  is  shown 
at  A,  Fig.  66.  The  swivel  tool  slide  is  set  perpendicularly  to 
the  ends  of  the  teeth,  and  two  universal  joints  B  and  (7,  are 
added  to  the  oscillating  shaft  which  allows  the  tool  slide  to  be 
swiveled  to  a  90^-angle. 

92.  Hand  taps,  as  shown  in  Fig.  67,  are  made  in  sets  of 
three  and  are  used  for  general  purposes  in  machine  building. 
The  tapered  tap  A  is  turned  taper  from  5  to  8  threads  from  the 
bottom  of  the  thread  at  the  end  to  the  full  diameter.  Some 
taper  taps  are  made  with  leaders  or  guides;  that  is,  3  or  4 
threads  at  the  point  are  turned  off ,  straight,  down  to  the  bottom 
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of  the  thread  so  as  to  enter  the  drilled  hole,  then  5  or  6  threads 
are  turned  taper. 

The  plug  tap  B  is  tapered  or  chamfered  from  2  to  4  threads 
at  the  point,  and  one  thread  of  the  bottoming  tap  C  is  chamfered. 


Fig.  66.  —  Relieyinq  Counterborb. 


Taps  for  special  purposes  are  obtainable  or  may  be  made, 
such  as  long  pulley  taps,  long  nut  taps  for  tapping  nuts  in  tap- 
ping machines,  hob,  or  master-taps  made  slightly  taper  for 
tapping  dies,  taps  for  turret  lathes  and  screw  machines  with 
special  shanks  to  fit  holders,  staybolt  taps  for  boiler  work,  pipe 
taps  both  straight  and  taper,  and  machine  screw  taps. 

93.  Hand  relieved  taps.  —  A  hand  method  of  relieving  or 
backing  oflf  a  tap  is  to  color  the  tap.  Art.  85,  p.  1272,  in  order  to 
see  more  clearly  where  the  file  is  cutting.  Then,  with  a  fine  file 
of  suitable  shape,  start  at  the  heel  of  a  tooth  and  file  the  metal 
away  from  about  two-thirds  of  its  top  and  sides  and  from  the 
bottom  of  the  space  to  give  a  circular  relief  or  clearance  from  5** 
to  10°,  leaving  one-third  of  the  tooth  back  of  the  cutting  edge 
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fxill  size.  Repeat  this  process  on  each  tooth.  The  top  of  the 
tapered  threads  at  the  end  of  a  tapered  plug  or  bottoming  tap, 
as  shown  in  Fig.  67,  are  filed  fiat  to  give  a  full  relief  or  clearance 
from  5°  to  10®  up  to  the  cutting  edge  of  the  teeth  to  facilitate 
starting  the  tap.  The  angle  in  the  thread  of  the  tapered  part 
of  a  tap  is  often  given  a  relief. 


a\ 


ffl  ffi 


(jnOOve 


Fig.  67.  —  Set  of  Hand  Taps. 

The  thread  relief  on  small  taps  up  to  ^^  in  diameter  with  fine 
pitches  is  often  omitted.  By  filing  the  tops  of  a  few  teeth 
tapering  at  the  end,  and  with  a  sharp,  fiat  relief,  the  tap  will  cut 
satisfactorily.  Body  relief,  or  back  taper,  is  often  given  both 
large  and  small  taps  by  setting  the  lathe  to  thread  the  tap  at  a 
slight  taper  toward  the  shank  of  about  .001''  to  1"  and  then 


Digitized  by  VjOOQ IC 


1278 


ADVANCED  MACHINE  WORK 


filing  a  sharp,  fiat  relief  or  clearance  on  the  top  of  the  tapered 
threads  at  the  end. 

94.  Machine  relieved  taps.  —  The  most  modem  method 
of  relieving  taps  is  to  use  a  cutter  relieving  attachment,  as  on 
p.  1271,  or  a  special  relieving  machine,  and  to  relieve  but  i  of  a 
tooth  on  top  and  sides  and  at  bottom  of  space,  as  in  Fig.  68, 


|»  LAND  «| 


FULL  OIAMCTCII 


Fig.  68.  —  SBcrnoN  op  Tap  Showing  Relief  Given  Teeth. 


leaving  \  of  the  tooth  back  of  the  cutting  edge  full  size.  This 
method  prolongs  the  accurate  life  of  a  tap,  as  it  may  be  re- 
peatedly reground  radially  without  reducing  its  maximum  cut- 
ting diameter.    See  p.  8*25. 

The  tops  of  the  tapered  teeth  at  end  may  be  relieved  with  the 
relieving  attachment,  or  they  may  be  milled  or  filed. 

95.  To  relieve  a  right-hand  tap.  —  The  method  of  relieving 
a  right-hand  tap  is  shown  at  A,  Fig.  69.  The  tap  is  made  in  the 
regular  way  by  threading,  grooving,  and  tapermg  the  end. 
See  pp.  1215-1223. 

Use  the  same  gears  as  for  threading;  also  select  and  arrange 
the  gears  to  drive  the  attachment  to  index  the  number  of 
grooves  or  "  lands  "  of  the  tap.    Set  the  threading  tool  the  same 
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as  for  threading.  Drop  a  tooth  in  change  gears  and  adjust  tap 
until  tool  will  accurately  fit  a  thread  space.  See  Art.  65,  p.  332. 
Then  arrange  motion  of  tool  slide  so  that  the  forward  move- 
ment of  the  tool  will  meet  front  of  teeth  and  promptly  return 
after  leaving  heel  of  teeth. 


Fig.  69.  —  Reueving  Right  Hand  Tap. 


The  process  of  relieving  the  tap  is  similar  to  that  of  threading 
a  tap:  Arrange  the  thread  stop.  Set  tool  to  cut  near  the  heel 
of  a  tooth.  Move  tool  forward  one-thousandth  of  an  inch  or 
less,  then  start  lathe  and  at  the  end  of  the  cut  withdraw  tool  and 
reverse  lathe.  See  Catching  the  Thread,  pp.  336,  337.  Repeat 
this  process  until  about  two-thirds  of  a  tooth  is  relieved  which 
leaves  one-third  of  a  tooth  back  of  the  cutting  edge  the  full  size. 

96.  To  relieve  left-hand  taps.  —  Left-hand  taps  may  be 
relieved  by  either  of  two  different  methods. 

The  first  method  is  to  leave  an  extension  at  the  end  of  tap. 
The  tap  is  then  placed  on  centers,  reversed  with  the  extension 
on  the  live  center,  and  the  process  is  then  the  same  as  for  re- 
lieving a  right-hand  tap. 
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The  second  method  is  to  mount  tap  on  centers  in  the  same  way 
that  a  right-hand  tap  is  mounted,  but  set  travel  of  tool  slide  the 
same  as  for  inside  rdi^y  see  Fig.  70,  and  start  tool  at  heel  of 
tooth  terminating  cut  at  the  front  of  the  tooth,  the  tool  moving 
outward  during  the  cut.  This  is  obtained,  on  some  types  of 
relieving  attachments,  by  adjusting  the  toothed  coupling  of 
cam  lever  and  oscillating  shaft  beyond  the  zero  mark  (clock- 
wise) to  secure  the  desired  movement  of  tool  slide;  and  on  other 
types,  by  moving  connecting-rod  bolt  to  the  opposite  side  of 
center  in  the  radial  slot  in  disk. 

97.  To  relieve  threading  dies  (inside  relief)  or  hollow  mills. 
—  The  method  of  inside  relieving  for  threading  dies,  or  hollow 
mills,  is  shown  at  A,  Fig.  70. 


Fig.  70.  —  Reueving  Thbeading  Die. 

The  die  is  turned,  threaded,  and  grooved  in  the  regular  way. 
Set  die  true  in  the  chuck  testing  it  with  a  test  indicator.  See 
pp.  12lO-12l3.  Gear  lathe  the  same  as  for  relieving  a  tap,  and 
set  inside  threading  tool  the  same  as  for  threading  and  adjust 
it  to  fit  a  thread  space.    Set  eccentric  controlling  travel  of  tool 
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slide,  to  move  away  from  instead  of  toward  axis.  On  some  types 
of  relieving  attachments  this  is  obtained  by  rolling  the  toothed 
coupling  beyond  the  zero  mark  (clockwise) ;  on  other  types  by 
setting  connecting  rod  bolt  beyond  center  in  rocker-head  slot. 

The  process  of  operating  the  lathe  to  relieve  the  die  is  the 
same  as  for  a  tap. 

Warning,  —  The  position  of  the  opposing  spring  inside  tool- 
sUde  hood,  must  be  changed  so  that  it  will  press  against  the  end 
of  slide  to  prevent,  tool  jumping  into  work  when  in  cut. 

98.  To  relieve  a  straight  fluted  hob.  —  Hobs  of  fine  pitches 
are  generally  fluted  straight. 

The  set-up,  arrangement  of  gears,  and  process  for  relieving 
straight  fluted  hobs,  is  similar  to  the  method  used  in  relieving 
straight  grooved  taps.  Fig.  69. 


Fig.  71.  —  Relibving  Hob  with  Spiral  Flutes. 

99.  To  relieve  spiral  fluted  hobs  and  taps.  — ^The  method  of 
relieving  a  spiral  fluted  hob  is  shown  in  Fig.  71.  The  gears  to 
index  the  number  of  flutes  in  hob  may  be  obtained  from  the 


Digitized  by  VjOOQIC 


1282 


ADVANCED  MACHINE  WORK 


table,  but  the  compensating  gears  for  the  angle  of  the  spiral 
must  be  calculated  and  added  as  a  compound.  See  pp.  333, 
335. 

Spiral  fluted  hob  A  may  be  single  or  multiple  threaded  and 
may  have  been  threaded  in  a  thread  miller,  see  pp.  1048,  1049, 
or  in  an  engine  lathe. 

Gear  lathe  for  threading  the  required  pitch  of  hob,  then  gear 
attachment  for  the  number  of  flutes  and  angle  of  s^nral.  Set 
tool  S  to  fit  the  thread  spaces,  and  correctly  time  movement  of 
tool  in  relation  to  teeth  of  hob. 

After  the  lathe  attachment  and  tools  are  properly  set  up,  the 
process  of  relieving  a  spiral  fluted  hob  is  the  same  as  for  a  straight 
fluted  hob  or  for  a  tap. 

Attention.  —  For  large  hobs,  the  top  and  sides  of  the  teeth 
and  the  bottom  of  the  spaces  must  be  relieved  by  suitable  tools 
and  separate  operations. 

100.  Spiral  fluted  hob,  Fig.  72,  is  fluted  at  right  angles  (90'') 
to  the  thread,  which  makes  the  cutting  action  of  the  tooth  more 
effective  than  a  straight  flute. 


Fia.  72.  —  Hob  Sfiballt  Fluted  at  Right  Angles  to  Thread. 
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The  gears  for  a  straight  fluted  hob  or  tap  may  be  obtained 
from  the  index  or  table  furnished  with  the  attachment,  but  to 
relieve  a  spiral  fluted  hob  or  tap  additional  compensating  or 
compound  gears  must  be  obtained  by  calculation  and  used  in 
conjunction  with  the  index  gears  to  compenisate  for  the  angle 
of  the  spiral  flute.  In  the  calculation,  however,  it  is  usually 
necessary  to  slightly  modify  the  angle  of  the  flute  in  order  to 
use  available  gears. 

101.  Method  of  computing  change  gears  used  on  lathe 
attachment  for  relieving  spiral  fluted  hobs  and  taps. 

Deduction  of  formvlas.  —  To  obtain  the  lead  of  the  spiral 
which  is  at  right  angles  to  the  thread,  the  following  symbols  and 
formulas  are  used,  Fig.  73. 

C  =  ah  =  circumference  of  hob  at  pitch  line. 

L  ^  be  ^  lead  of  thread. 

P  ^  ad  —  lead  of  spiral  or  flute. 


L   c 

FlQ.   73.  —  DlAQRAM  OF  HoB. 

Note.  —  Fig.  73  represents  a  unit  section  of  hob  with  ca  equal- 
ing one  complete  turn  of  spiral,  ad  unit  of  straight  flute,  and  a^ 
representing  the  thread.    By  plane  geometry  (similar  triangles) 

it  can  be  proved  that  -j—  —  ad  or  P  —  y' 

Gear  ratio.  —  In  calculating  the  change  gears  it  will  first  be 
assumed  for  simplicity;  that  there  is  only  one  spiral  flute. 

For  a  straight  flute,  the  number  of  teeth  represented  by  ad 
would  equal  the  length  of  the  hob  divided  by  lead  of  thread,  or 

p 
it  may  be  expressed  by  the  fraction  y.    When  a  spiral  flute 

(M)  is  considered,  it  can  be  seen  that  there  is  one  more  tooth  on 
spiral  flute  than  on  straight  flute. 
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p 
Hence,  number  of  teeth  for  straight  flute  =  y-  =  Af ,  and 

p 

number  of  teeth  for  spiral  flute  =  j-  +  1  =  iV. 

Therefore,  the  ratio  of  gears  required  for  compensating  for 

N 
the  spiral  flute  is  -itt' 

Note.  —  To  flute  a  right-hand  tap  right-handed,  the  formula 
p  p 

for  the  ratio  iV  =  y  +  1  becomes  iV  =  -^r  —  1. 

For  any  number  of  flutes,  the  compensating  gears  are  used  in 
compound  with  those  called  for  on  the  index  for  the  required 
number  of  flutes. 

Example.  -^  A  hob  has  a  pitch  circumference  of  3.464",  a  single 
thread  of  .750"  lead,  and  6  flutes. 

Solviion.  —  By  formula 

,     ,    ,     .    ,       C«      (3.464)'       12      .^^^ 
leadof  spural  =  ^  =  -^5^  =  ;^=16.000. 

^^        ^-I-^    -d    ^  =  ^+1-^+1 
=  21i  =  22i 

T>  r       22i     67 

^^^  =  2lf=^64- 

There  the  compensating  gears  can  be  67  and  64  respectivelyi 
67  being  the  driver. 

For  6  flutes  the  index  calls  for  a  60-gear  on  stud  and  40  on 
cam  shaft.  Placing  the  compensating  gears  on  the  radius  bar, 
the  train  will  be  as  follows: 

Stud,  60. 

Intermediate,  64-67. 

Cam  shaft,  40. 

Oftentimes  the  gear  ratio  will  be  so  near  unity  that  if  only 
two  gears  were  used  they  would  be  excessively  large.  To  over- 
come this,  trial  calculations  must  be  made  to  establish  a  train 
of  gears  to  approximate  the  required  ratio. 

Example.  —  A  hob  has  a  pitch  diameter  of  2.00'',  a  edn^e 
thread  of  .3145"  lead,  and  10  flutes. 
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Solution.  —  By  formula  pitch  circumference  =  pitch  diam- 
eter XT.    C  =  2.00  X  3.1416  =  6.2832 

XT  1    ^    f     •    1      C^      (6.2832)' 

Hence,  lead  of  spiral  =  -=-  =  • 

rru  njf      125-50  „      125.50  .  , 

T^^^  ^  =  3146"'         ^"■:3li6-  +  * 

125.50 

^  =.Jlii_=  i  +  Jlii.  10025064 
M         125.50         ^^125.50      ^•"^-*^^^- 

.3145 

As  this  ratio  is  so  near  unity,  the  use  of  two  gears  is  pro- 
hibitive. Therefore,  a  suitable  train  of  gears  to  produce  this 
ratio  must  be  found.  In  determining  these  gears,  first  assume 
four  gears  of  a  size  supplied  with  lathe  and  which  will  readily 
fill  the  space  between  stud  and  camnshaft  gears.  In  this  in- 
stance 2-40's  and  2-60's  are  assumed,  making  the  ratio  TtTTT^* 

Then  the  gears  forming  the  M  portion  of  the  ratio  are  increased 

and  reduced  in  size  until  a  ratio  is  obtained  approximate  to  the 

one  desired.    In  this  instance  it  was  found  by  trials  that  M 

gears  will  be  38  and  63  teeth.    Therefore,  the  gear  train  will  be 

40  X  60 

QQ  N/  AQ  >  niaking  the  ratio  1.0025062,  an  error  of  only  2  parts 

uo  X  Do 

in  the  8th  place. 

For  10  flutes  the  index  plate  calls  for  70  gears  on  stud  and  28 
gears  on  cam  shaft. 

Hence,  the  gear  train  will  be  as  follows: 

Stud,  70. 

Intermediate,  40-3fr-6&-63. 

Cam  shaft,  28. 

It  is  evident  that  as  lead  of  the  hob  thread  is  reduced  as  for 
fine  threads,  the  gear  ratio  must  approach  unity.  To  facilitate 
calculation  in  these  instances,  the  gear  ratio  is  equal  to  1  +  tan' 
a  where  a  is  the  angle  of  hob  thread  or  angle  bac,  see  Rg.  73. 

102.   Cutter  relieving  machine,  Fig.  74.  —  This  machine  is 
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designed  to  give  straight  angular  or  end  relief  to  formed  cut- 
ters of  all  sizes  up  to  13^  inches  in  diameter  and  with  any  number 
of  flutes  from  1  to  28,  and  any  even  number  of  flutes  from  28  to 
(i2. 

A  single-throw  cam  ^ving  relief  from  zero  to  -f^"  is  carried 
by  a  cam  slide  which  is  adjustable  to  any  angle  desired.  By 
means  of  a  double  adjustable  tool  block,  the  forming  tool  may 
readily  be  placed  in  proper  relation  to  the  cutter.  Adjustment 
is  provided  for  bringing  the  cutter  in  proper  relation  to  the 
forming  tool  without  loosening  the  cutter  on  the  arbor  or  re- 
adjusting the  change  gears.  A  table  of  change  gears  furnished 
with  the  machine,  gives  the  gears  for  indexing  different  numbers 
of  flutes  in  cutters. 


Eki.  74.  —  CiTTTBR  Relieving  MACBDcat 
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Lrtbb. 

Naiub. 

Lbttbb. 

Nam. 

A       a 

Alpha 

N       p 

Nu 

B       fi 

Beta 

S      £ 

Xi 

r      y 

Gamma 

O       o 

OmlGion 

A     a 

Delta 

U      V 

Pi 

£       i 

EpsOon 

P       P 

Rho 

z      f 

Zeta 

X          9 

Sigma 

H      n 

Eto 

T        T 

Tau 

e     e 

TheU 

T       V 

Upolon 

I      I 

Iota 

«       ^ 

Rii 

K      c 

X       X 

Chi 

A       X 

Lambda 

♦    ^ 

Pn 

M      |» 

Mu 

fi     » 

Omeca 
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SECTION  13 

INSPECTION,   LIMIT    SYSTEM   OF    MANUFACTUR- 
ING, INSPECTION  OF  MACHINE  PARTS 

Introdiictioii.    Limit  System  of  Manufacturing.    limit  Sjrstem  on  Draw- 
ings.   Equiiunent  for  Inspection.    Limit  Gages.    Combination  Gage 
Blocks.    Construction  of  Gages.    Indicating    Gages.    Fluid 
Gage.    Metric  Micrometer.    Inspection  of  Machine  Parts. 
Inspection  Organization.    General  Inspection  Methods. 
Special  Forms  of  Inspection.    Devices  and  Machines 
for  Inspecting  Small  Parts. 

INTRODUCTION 

1.  Inspection  may  be  called  an  official  examination  of 
articles  or  things  to  determine  quality,  accuracy,  finish  and 
interchangeability,  and  dates  back  to  prehistoric  times. 

Primitive  man  inspected  the  natural  materials  which  he 
used  in  obtaining  his  living,  building  his  home  and  the  rafts 
and  boats  which  he  utilized  for  transportation.  In  fact,  there 
is  nothing  useful  or  ornamental  in  the  life  of  man  that  has  not 
been  subjected  to  some  form  of  inspection. 

While  machines  and  machine  parts  were  inspected  to  some 
extent  by  manufacturers  as  far  back  as  1800,  it  is  only  in  recent 
years  that  inspection  has  been  given  the  attention  and  the 
importance  it  deserves. 

The  old  way  of  building  a  machine  was  to  fit  one  part  to 
another  and,  if  it  worked  well,  it  was  considered  good  enough. 
Littie  attempt  was  made  to  establish  strict  standards  of 
measurement,  or  interchangeability  of  parts. 

2.  Early  forms  of  inspection.  —  Inspection  of  machines  for 
accuracy  was  the  work  of  the  first  inspectors.  The  various 
parts  were  fitted  together  and  assembled  to  give  a  smooth- 

ISoi 
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running  unit.  The  completed  machine  was  then  inspected 
for  accuracy  with  reference  to  performing  the  work  for  which 
it  was  designed. 


Fia.  1.  —  Gboup  of  Bench  Inbpbctobs. 

3.  The  installation  of  inspection  systems  has  enabled 
manufacturers  to  increase  production  and  promote  inter- 
changeability  of  machine  parts.  The  use  of  machines  which 
now  enters  into  every  phase  of  modem  life,  made  it  necessary 
to  develop  methods  by  which  machine  parts  could  be  manu- 
factured in  large  quantities  and  assembled,  or  repaired  by 
substituting  new  parts  for  old  ones,  without  the  help  of 
machines  or  skilled  mechanics.  Furthermore,  machines 
fabricated  in  places  other  than  where  they  are  manufactured, 
require  that  the  parts  have  a  high  degree  of  interchange- 
ability. 

Production  inspection  is  now  one  of  the  most  important 
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operations  in  modern  manufacturing,  and  this  importance  is 
emphasized  by  the  necessity  and  difficulty  of  maintaining 
and  controlling  qiudity  while  keeping  up  quantity  production. 

Information,  —  While  the  larger  part  of  inspection  is  for  inter- 
changeability  of  machine  parts,  some  classes  of  work,  such  as  assembled 
Tnfti>hinft  tools,  are  inspected  for  the  accuracy  and  quality  of  the  work 
they  will  produce.    Inspection  for  quality  of  finish  is  also  made. 

4.  Combination  of  limit  and  inspection  systems.  —  The 
adoption  of  a  suitable  limit  system  together  with  proper  in- 
spection methods  will  permit  the  employment  of  unskilled 
labor  for  many  operations  with  satisfactory  results.  Gener- 
ous or  large  limits  whenever  practicable  give  the  workman 
sufficient  leeway,  make  possible  the  acceptance  of  more  of  his 
work,  and  allow  him  to  produce  work  at  a  rate  of  speed  which 
would  otherwise  be  unattainable.  See  Dimension  Limit 
System,  p.  2 13. 


Fig.  2.  —  Testino  Short  Taper  wtfh  Spbcxal  Gage. 

THE  LIMIT  SYSTEM  OF  MANUFACTURING 

5.  The  limit  system  of  manufacturing  is  a  method  of  pro- 
ducing work  just  accurate  enough  to  be  suitable  for  the  pur- 
pose for  which  it  is  to  be  used.  This  system  recognizes  that 
it  is  impossible  to  produce  work  exactly  to  the  nominal  size 
either  by  hand  processes  or  machine  processes  fcMr  there  is 
always  some  difference  between  the  actual  and  the  desired 
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dimension;  exact  duplication  of  parts  is  likewise  impossible. 
Therefore,  some  definite  leeway  is  allowed,  that  is,  maximnm 
and  minimum  limits  are  given  within  which  it  is  only  neces- 
sary to  keep  the  dimensions  to  make  the  work  suitable  for  use. 
The  limit  system  is  now  recognized  as  the  only  method  by 
which  duplicate  and  interchangeable  parts  can  be  commer- 
cially produced. 

AtterUion,  —  Unnecessary  and  unreasonable  accuracy  complicates 
tool  making  and  manufacturing  and  increases  the  cost  of  production. 

6.  Limit  defined.  —  Limit  is  the  dimension  beyond  which 
the  work  must  not  extend.     For  example,  if  the  nominal 


Fig.  3.  —  iNSPEcnNO  Bolt  With  Lbngth  Gagb. 

diameter  of  a  shaft  is  one  inch  and  it  is  planned  to  fix  the  over- 
size at  0.001",  and  the  undersize  at  0.001",  the  maximum  limit 
will  be  1.001"  and  the  minimum  limit  0.999". 

7.  Tolerance  defined.  —  Tolerance  is  the  difference  be- 
tween the  maximum  and  minimum  limits  (sizes).  For  example, 
if  the  maximum  limit  of  a  dimension  is  1.001"  and  the  mini- 
mum limit  0.999",  the  tolerance  would  be  0.002". 

The  difference  between  the  nominal  size  and  maximum 
limit  is  the  plus  tolerance,  and  between  the  nominal  size  and 
minimum  size,  the  minus  tolerance.  Plus  and  minus  toler- 
ances may  or  may  not  be  equal. 
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8.  Allowance  defined.  —  Allowance  is  the  difference  in 
diameter  between  the  hole  and  shaft  for  fits,  such  as  forcing, 
driving,  running,  and  sliding  fits.  For  example,  if  the  nom- 
inal size  of  a  hole  is  one  inch  and  the  allowance  of  the  shaft  for 
a  running  fit  is  0.001'',  the  shaft  will  be  0.999''  in  diameter. 
Again,  if  the  size  of  the  hole  is  one  inch  and  the  allowance  for 
a  forcing  fit  is  0.002",  the  shaft  will  be  1.002"  in  diameter. 
See  Fits  in  Machine  Construction  with  Tables  of  Allowances, 
p.  2l4. 

Information.  —  Allowances  are  subject  to  maximum  and  minimum 
limits,  and  should  be  distinguished  from  tolerances. 

9.  Limit  of  accuracyy  or  permissible  error  for  machine  parts 
in  manufacturing,  depends  upon  the  kind  and  character  of 
the  work. 

In  manufacturing  a  machine  or  its  component  parts,  definite 
requirements,  as  set  forth  by  specifications,  drawings,  or 
models,  are  necessary.  Since  nothing  can  be  made  exactly 
to  the  nominal  size,  it  is  determined  beforehand  how  large  or 


Fig.  4.  —  Testing  Ring  Gage  with  Gage  Blocks. 

how  small  parts  may  be  and  yet  be  suitable  for  the  work  for 
which  they  were  designed.  These  limits  and  tolerances  are 
not  left  to  the  skill  and  judgment  of  the  workman  as  in  former 
times,  but  are  passed  upon  by  the  engineering  department 
and  management  before  the  actual  manufacturing  begins. 

10.  To  establish  limits  and  tolerances.  —  First,  the  service 
which  the  machine  is  to  perform,  or  the  work  it  is  to  produce, 
should  be  considered;    second,  the  method  of  building  the 
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machine  together  with  the  making  of  the  component  parts, 
especially  in  relation  to  the  limits  and  tolerances  permissible 
should  be  given  attention;  then,  the  limits  and  tolerances  for 
the  different  machine  parts  may  be  established.  Limits  and 
tolerances  are  also  determined  by  the  quaUty  of  the  work 
required  to  facilitate  quantity  production  and  still  maint>ain 
the  accuracy  desired.  For  some  parts  it  may  be  necessary  to 
make  the  tolerance  as  small  as  0.0001^';  for  the  other  parts 
the  tolerances  may  be  0.0005",  0.001",  0.002",  0.003",  0.004", 
0.005",  0.01",  tV">  or  any  amount  that  is  found  reasonable. 
Close  limits  are  expensive  to  produce  and  wide  limits  may 
prove  destructive  to  the  result  desired. 

Limits,  once  established,  should  be  maintained,  otherwise 
a  repair  part,  made  this  year  to  replace  one  made  five  years 
ago,  will  not  be  a  duplicate,  and  much  "  fitting-time  "  may  be 
found  necessary  in  order  to  utilize  the  new  part. 

Information.  —  Tolerances  should  be  made  as  large  as  possible  rather 
than  as  small  as  possible. 

THE  LIMIT  SYSTEM  ON  DRAWINGS 

11.  The  limit  system  of  dimensioning  drawings*  —  The 

ordinary  method  of  dimensioning  drawings  by  the  use  of  a 
single  dimension  does  not  express  limits;  two  dimensions  are 
necessary. 

Various  methods  are  used  for  expressing  limits  but  the  plus 
and  minus  methods,  the  double-dimension  method,  and  the 
combination  method,  are  the  ones  most  available. 

12.  The  plus  and  minus  methods  express  the  nominal 
dimension  and  the  tolerance  in  two  forms. 

The  first  form  uses  the  tolerance  as  a  decimal  after  the 

nominal  dimension,  and  is  expressed  as  2.000  ±  or  _  (plus  or 

minus)  0.002,  see  Fig.  5.    When  the  plus  and  minus  tolerances 

are  unequal  the  dimension  is  expressed  as  2.000  _  q^qqj^  . 

The  second  form  expresses  the  tolerance  as  a  single  digit 
after  the  nominal  dimension,  as  in  Fig.  6.    This  single  figure  is 
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ISOT 


the  number  of  units  for  the  tolerance  expressed  m  the  last 
figure  of  the  nominal  dimension.  For  example,  0.875  ±2  shows 
that  the  upper  limit  is  0.877"  and  the  lower  limit  0.873"  and 
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Fig.  6.  —  Expressing  LnoTs  bt  thb  Plus  and  Minus  Dbchial 

Method. 


jf-^4-0.875i:2- 
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Fig.  6.  —  Expressing  Lnins  by  the  Plus  and  Minus  Single- 
Digit  Method. 

that  the  tolerance  is  0.004''.  Agam,  if  the  dimension  is 
expressed  as  0.9827  —  2,  the  upper  limit  is  0.9827",  the  lower 
limit  is  0.9826"  and  the  tolerance  is  0.0002". 
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Fia.  7.  —  Expressing  Lnins  bt  thb  Doublb-Dimenbion 
Method. 
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f.002  L\ 
[002  SJ 

Fio.  8.  —  ExPBESsiNQ  Limits  bt  the  Combination  Method. 
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13.  The  double-dimension  mefhod.  Fig.  7^  expresses  the 
dimension  by  giving  the  upper  and  lower  limits  on  the  drawing, 
one  above   the   other.    For  example,   if  the   dimension  is 

expressed  as  J  Q020  *^^  upper  limit  is  1.0026",  the  lower  limit 

1.0020"  and  the  tolerance  is  0.0005" 

14.  The  combination  method.  Fig.  8,  designates  dimen- 
sions by  binary  fractions  and  expresses  the  tolerances  by 
decimals,  adding  L  for  large  and  S  for  small.    For  example, 

in  Fig.  8  the  diameter  of  the  body  of  screw  is  given  as  g  m  002  ^  \  • 

This  means  that  the  upper  limit  is  0.875"  minus  0.001"  or 
0.874",  and  the  lower  limit  is  0.875"  minus  0.002"  or  0.873." 
See  Dimension  Limit  System,  p.  2l3. 

16.  To  measure  work  produced  by  the  Umit  system  requires 
some  form  of  measuring  tool  or  gage  which  will  show  or  indi- 
cate whether  or  not  the  part  is  within  the  designated  limits 
and  may  be  accepted,  or  above  or  below  these  limits  and  must 
be  rejected.  Since  there  are  two  dimensions  for  each  nominal 
size,  it  is,  therefore,  necessary  to  have  two  gages  for  each 
.  nominal  dimension.  Instruments  commonly  used  for  this 
work  are  called  ''  limit  gages,"  and  are  obtainable  in  various 
forms.    See  Standard  and  Limit  Gages,  p.  223. 

EQUIPMENT  FOR  INSPECTION 

16.  The  general  equipment  of  tools  usually  found  in  a 
modem  machine-shop  tool  room,  and  which  is  shown  in  the 
charts,  Figs.  9-14,  may  be  used  for  inspecting  machine  parts 
and  assembled  machines.  Most  of  the  tools  shown  in  the 
charts  are  of  standard  make,  readily  obtainable,  and  will  be 
found  sufficient  for  the  inspection  of  many  parts  of  all  machines. 

There  are  machine  parts,  however,  which  cannot  be  in- 
spected or  tested  with  standard  tools.  For  these  parts  single- 
purpose  or  special  tools  and  gages  are  designed  and  made 
when  manufacturing  is  started. 
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FiQ.  9. 
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17.  Names  and  uses  of  inspection  tools,  gages,  and  instru- 
ments in  charts,  pp.  13l0  —  13i8. 


No. 

Name. 

Use.     ' 

1 

Double-ended  external  "go" 

To  gage  lengths  in  production  work. 

and  "no-go"  limit  gage. 

See  p.  1S19. 

2 

Standard  ring  gage. 

To  establish  standards  and  test  exter- 
nal work.     See  p.  281. 

3 

Standard  plug  gage. 

To  establish  standards  and  test  diam- 
eters of  holes. 

4 

Single-ended    external    "go" 

To  gage  diameters  or  lengths  in  pro- 

and "no-go"  limit  gage. 

duction  work. 

5 

Double-ended  "go"  and  "no- 

To  test  hole  diameters  in  production 

go"  plug  gage. 

work. 

6 

Gage  blocks. 

To  set  and  test  standard  and  limit 
gages.     See  p.  1322. 

7 

External  limit  gage. 

Check  and  reference  gage  for  produc- 
tion work. 

8 

Ball  plug  gage. 

To  test  diameters  of  holes.  Spherical 
surface.    Allows  quick  adjustment. 

9 

Concentricity  or  line  gage. 

eters. 
To  gage  work  rapidly  at  machine  or 

10 

Rapid  inspection  limit  gage 

(adjustable). 

bench.     Used  in  production  work. 

11 

Inside  micrometer  caliper. 

from  0.200"  to  2.00".     See  p.  502. 

12 

Adjustable   limit   snap   gage 

To  gage  work  at  machine  or  bench. 

(standard  pattern). 

Used  in  production  work.  See  p. 
1321. 

13 

Micrometer  depth  gage. 

To  measure  depth  of  holes. 

14 

Inside  micrometer  caliper. 

To  measure  diameters  of  holes  2"  and 
larger. 

15 

Two-inch   standard  microm- 

To measure  thicknesses  and  diameters 

eter  caliper. 

from  1"  to  2".  See  Micrometer 
CaUpers,  p.  207. 

16 

One-inch  standard  gage. 

To  set  or  test  micrometer. 

17 

One-inch    direct-reading    mi- 

crometer caliper. 

to  exact  figures  without  calculations 
from  graduated  lines. 

18 

Universal  dial  test  indicator. 

To  test  accuracy  of  all  classes  of  work 
and  to  aline  machines.  May  be 
held  in  tool  post,  attached  to  surface 
gage,  or  standuxi  angle  or  surface 
plate.     See  p.  ISao. 

19 

To  establish  small  distanced,  such  as 

feeler  gages. 

clearance  between  parts,  etc. 

20 

Test  indicator. 

To  test  and  set  up  work  and  machines, 
and  to  aline  jigs  and  fixtures. 

21 

To  test  and  aline  machine  parts.  Used 
with  No.  20. 

22 

Test  indicator. 

To  test  accuracy  of  revolving  work 
usually  in  a  lathe.     See  p.  12l0. 

23 

Set    of    standard    fillet    and 
radius  gages. 

To  test  small  fillets  and  radius  curves. 
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No. 

Nai». 

USB. 

24 

Thread  meamiring  wires. 

To  measure  accurately  the  pitch  diam- 
eter of  a  screw  thread  by  three-wire 
method.     See  p.  1431. 

26    • 

Standard  adjustable  external 

templet  thread  gage. 

screws. 

26 

Standard  internal  plug  thread 

To  establish  standard  thread  sises  for 

gage. 

holes.  Used  to  set  gage  No.  26. 
Plain  end  gives  root  diameter. 

27 

Thread  lead  indicator. 

To  test  accuracy  of  lead  of  threads. 
See  p.  1427. 

28 

Thread  micrometer  caliper. 

To  measure  pitch  diameter  of  threads. 
See  p.  1214. 

29 

Adjustable  thread  limit  snap 

To  test  pitch  diameter  of  screw  thread. 

gage. 

Seep.  225. 

30 

Double-ended     thread     Umit 
plug  gage. 

To  test  internal  threads. 

31 

Thread  gage-setting  plug. 

To  set  gage  No.  29. 

32 

Standard   pipe   thread   plug- 

To   establish   standard   internal   pipe 

gage. 

threads. 

33 

gage. 

threads. 

34 

Universal  sine  bar. 

To  measure  angles  and  tapers  using 
vernier  height  gage  or  gage  blocks. 
See  p.  1268. 

35 

Standard  tape  plug  gage. 

To  establish,  measure,  and  test  taper 
holes. 

36 

Plumb-bob. 

To  locate  or  establish  perpendiculars. 

37 

Standard  wire  gage. 

ness  of  sheet  metal.  See  Wire 
Gages,  Principles  of  Machine  Work. 

38 

Standard  taper  ring  gage. 

To  establish,  measure,  and  test  exter- 
nal tapers.     See  p.  226. 

39 

Vernier  caliper. 

To  measure  accurately  inside  and  out- 
side dimensions.     See  p.  2ll. 

40 

Gear  tooth  depth  micrometer. 

To  describe  a  line  for  full  depth  of  teeth 
other  accurate  lines. 

41 

Gear  tooth  vernier. 

To  measure  accurately  the  thickness  of 
gear  teeth.     See  p.  Ill8. 

42 

Dial  cylinder  gage. 

To  measure  diameter  and  accuracy  of 
engine  cylinders. 

43 

Vernier  height  gage. 

To  measure  accurately  heights  and 
distances.     See  p.  1249. 

44 

Universal  bevel  protractor. 

To  establish  and  measure  angles.  See 
p.  1185. 

46 

Prestometer  or  fluid  gage. 

To  measure  and  indicate  accurately, 
inspect,  and  check  thickness  and 
diameter.     See  p.  1830. 

46 

Machimsts'  level. 

To  establish  levels  and  horisontals. 
See  p.  14l7. 
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No. 

Name. 

Use. 

47 

Magnifying  glass. 

To  examine  surfaces  and  read  fine 
graduations.     See  p.  1842. 

48 

Outside  spring  calipers. 

To  measure  outside  distances. 

49 

Inside  spring  calipers. 

To  measure  inside  distances. 

50 

Spring  dividers. 

To  describe  circles  and  space  off  dis- 
tances. 

61 

Scleroscope. 

To  test  hardness  of  metals  and  other 
materials.  See  PrineipUa  of  Machine 
Work. 

52 

Smooth  or  dead-smooth  file. 

To  test  steel  to  determine  whether 
hardened  or  not,  and  to  test  the  tem- 
per of  steel. 

53 

Brinell  Testing  Machine. 

To  test  hardness  of  metals. 

54 

Toohnakers' bridge.   All  faces 
scraped. 

To  inspect  and  lay  out  work. 

55 

Speed  indicator. 

To  determine  speed  of  shafts,  etc. 

56 

Machinists'  parallel  damp. 

To  clamp  work  to  table,  vise,  etc. 

67 

Toolmakers'  clamps. 

To  clamp  light  accurate  work  to  fix- 
tures. 

58 

Screw  clamp. 

To  clamp  rough  work. 

50 

Try  square. 

To  establish  right  angles  (90*")  and  test 
squareness  of  surfaces.     See  p.  i4l9. 

60 

Surface  gage. 

To  test  surfaces,  also  to  lay  out  and  set 
up  work.     See  p.  921. 

61 

Standard  steel  rule. 

To  measure  distances  for  ordinary  work. 

62 

Dial  test  indicator. 

To  measure  and  test  accurately  the 
thickness  and  diameter  of  work,  and 
the  accuracy  of  surfaces.  See  p. 
1830. 

63 

Steel  straight  edge. 

For  fine  work  where  a  straight  edge 
(ISO**)  angle  is  required.    Seep.l408. 

64 

Scraped  straight  edge. 

To  test  scraped  wajrs  of  a  machine. 

65 

Pair  of  steel  or  cast-iron  paral- 

To  set  up  and  level  work  for  inspecting 

leb  ground   or  planed   to 

or  machining.     See  p.  14l0. 

equal    widths    and    thick- 

nesses. 

66 

To  mount  and  aline  work  for  inspecting 

faces. 

or  machining.     See  p.  14l6. 

67 

Toohnakers'  knee. 

To  hold  small  work  by  clamping  for  in- 
specting either  on  machine  table  or 

surface  plate. 

68 

Standard     cast-iron     surface 

To  establish  and  test  plane  surfaces. 

plate. 

When  not  scraped,  used  as  leveling 
plate  for  laying  out  work. 

69 

Pair  of  V  blocks. 

To  hold  cylindrical  work  in  accurate 
alinement  for  inspecting  or  ma- 
chining. 

70 

Bench  centers. 

To  hold  centered  work  so  that  it  may 
be  revolved  and  tested  for  trueness 
with  chalk  or  test  indicator.  See  p. 
1217. 
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LIMIT  GAGES 

18.  Limit  or  **  go  "  and  ''  no-go  "  gages  are  the  most  effi- 
cient tools  for  gaging  or  measuring  work  produced  by  the 
limit  system.  They  have  made  inspection  practical  owing 
to  the  high  rate  of  speed  with  which  they  may  be  operated, 
and  the  superior  quality  of  the  results  produced. 

Since  these  gages  do  not  measure  the  exact  size  of  the  work, 
it  is  only  necessary  to  test  the  work  to  see  if  the  size  of  the 
part  is  within  the  predetermined  limits,  as  shown  in  Figs.  15, 
16.    See  also  p.  224. 

The  limit  gage  is  a  combination  of  two  gages,  one  made  to 
the  maximum  limit  and  the  other  to  the  minimum  limit. 

External  limit  gages  are  known  as  limit  snap  gages;  internal 
gages,  as  limit  plug  gages.  Both  t3rpes  are  commonly  called 
"  go  "  and  "  no-go  "  gages.  See  Inspection  of  Threads,  p: 
1421. 

19.  Limit  snap  gages  are  used  for  measuring  or  inspecting 
the  external  diameter  or  length  of  work.    For  example,  the 


WORK 


Fia.  16.  —  Inspecting  Small  Pabtb  with  "Go"  and  "No-Go" 

Gages. 

nominal  diameter  of  a  shaft  is  1"  and  the  tolerance  0.002" 
with  the  plus  and  minus  tolerances  equal. 

The  gage  for  measuring  or  inspecting  this  shaft  may  be  the 
double-ended  solid  type,  as  shown  in  Fig.  15  and  Nos.  1,  7» 
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Chart,  Fig.  9;  the  single-ended  type,  as  shown  in  No.  4, 
Chart,  Fig.  9;  or  the  adjustable  type,  as  shown  in  Fig.  16  and 
Nos.  10,  12,  Chart,  Fig.  9.  One  pair  of  measuring  surfaces  or 
points  would  be  made  or  set  to  1.001"  an^  called  the  "  go  " 
gage.  The  other  would  be  made  or  set  to  0.999"  and  called 
the  "  no-go  "  gage. 

If  the  shaft  is  small  enough  to  allow  the  "  go  "  gage  to  pass 
over  it  and  large  enough  not  to  allow  the  "  no-go  "  gage  to 
pass  over  it,  the  shaft  is  within  the  working  limits  and  of  the 
proper  size. 

20.  Limit  plug  gages  are  used  principally  for  measuring  or 
inspecting  the  diameters  of  holes.  For  example,  the  nominal 
diameter  of  a  hole  is  2"  and  the  tolerance  0.001"  with  the  plus 
tolerance  0.00075"  and  the  minus  tolerance  0.00025".  The 
gage  for  measuring  or  inspecting  this  hole  may  be  the  double- 
ended  plug  type,  as  shown  in  Fig.  38  and  No.  5,  Chart,  Fig.  9; 
or  the  single-ended  type  which  has  a  single  plug  or  gage  with 
two  diameters  made  to  the  maximum  and  minimum  limits. 
Sometimes  two  separate  plug  gages  similar  to  No.  3,  Chart, 
Fig.  9,  are  used.  One  plug  would  be  made  to  1.99975"  and 
called  the  "go"  gage;  the  other,  to  2.00075"  and  called  the 
"  no-go  "  gage.  If  the  hole  is  of  the  proper  size  to  admit  the 
'*  go  "  gage  and  not  to  admit  the  "  no-go  "  gage,  it  is  within  the 
working  limits. 


SMAP  e*flc 


Fig.  16.  —  Caupbring  Work  wtih  Adjustable  Limit  Snap 
Gage. 
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21.  Adjustable  lioiit  gages.  —  From  inspecting  a  large 
number  of  parts,  gages  become  worn  and  inaccurate  and  must 
be  repaired  or  discarded.  Repairing  gages  is  a  slow  and 
expensive  process  for  they  must  be  annealed  and  made  over 
again.  To  avoid  this,  adjustable  limit  snap  gages,  Figs.  16, 
17,  may  be  used.  The  measuring  points  or  anvils  are  adjusted 
with  a  screw-driver  the  same  as  the  anvil  of  a  micrometer. 
See  p.  225. 

Information,  —  The  accuracy  of  gages  may  be  affected  by  the  heat 
of  the  hand.  To  eliminate  this,  gages  with  insulated  grips  are  obtain- 
able, see  Figs.  16,  17. 


Fig.  17.  —  Testing  Adjustable  Lnirr  Snap  Gage  wtih  Ck)M- 
BiNATioN  Gage  Blocks. 

22.  To  set  adjustable  limit  gages  and  establish  other  odd- 
sized  dimensionsi  some  standard  is  required.  Ordinary 
standard  gages  or  blocks  which  are  accurately  made  to  nom- 
inal sizes  such  as  1.00",  1.50",  etc.,  have  only  a  restricted  use 
in  the  limit  system. 

Inspection  or  working  gages  are  very  seldom  set  at  nominal 
sizes,  but  more  often  from  one-half  to  three-  or  four-thous- 
andths above  or  below  a  nominal  dimension.  For  this  work 
a  special  set  of  gages  or  gage  blocks  must  be  used. 


Digitized  by  VjOOQ IC 


I 
1822  ADVANCED  MACHINE  WORK 

COMBINATION  GAGE  BLOCKS 

23.  Johansson  combination  standard  gage  blocks,  Fig. 
18.  —  These  combination  gage  blocks  are  used  for  accurate 
measurements,  in  making,  checking,  and  inspecting  limit  or 
standard  gages,  and  to  establish  standard  sizes.  They  are  so 
designed   that  by  placing  various  combinations  of  blocks 


Fig.  18.  —  Set  op  Johansson  Cobibination  Gaob  Blocks. 

together,  it  is  possible  to  obtain  any  dimensions  within  the 
capacity  of  the  set,  advancing  by  increments  of  one  ten- 
thousandth  of  an  inch. 

While  these  blocks  are  especially  useful  for  establishing  odd 
sizes,  they  may  be  used  for  establishing  standard  sizes  and  for 
checking  precision  measurements  in  all  kinds  of  toolmaking 
and  laboratory  work.  They  are  obtainable  in  the  English 
and  Metric  systems. 

These  gages  are  hardened  steel  blocks  groimd  and  accurately 
lapped  to  a  fine  finish.    The  two  opposite  broad  faces  of  each 
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block  are  perfectly  parallel,  and  the  distance  between  them  is 
equal  to  the  size  marked  upon  the  block.  Blocks  up  to  6''  in 
length,  at  66**  F.,  are  said  to  have  no  greater  error  than 
0.00001"  (one  hundred-thousandth  part  of  an  inch). 


19.  —  LocATiNQ  Work  Accurately  on  Face  Plate  with 
Gaoe  Blocks. 


24.  To  combine  two  or  more  gage  blocks  to  obtain  a  size 
not  given  by  any  one  block.  —  Hold  a  block  in  each  hand. 
Wipe  the  face  of  the  block  held  in  the  left  hand  on  the  fleshy 
part  of  thumb  or  on  the  wrist  of  the  right  hand,  as  in  Fig.  20. 

Similarly,  wipe  a  face  of  the  block  held  in  the  right  hand, 
as  in  Fig.  21;  then,  with  a  little  pressure,  slide  one  block  upon 
the  other,  as  in  Fig.  22.  This  expels  the  air  from  between  the 
two  surfaces  so  that  the  blocks  will  hold  together.  Several 
blocks  may  be  assembled  in  this  manner  and  used  as  a  solid 
gage.    See  Figs.  17,  23. 

Note.  —  Gage  blocks  should  not  be  left  in  combination  after  using, 
but  separated  and  the  surfaces  wiped  off  with  a  piece  of  chamois. 
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Fig.  20.  —  Cleaninq  Surface  op      Fig.  21.  —  Cleaning  Subface  of 
Block  Held  in  Left  Hand.  Block  HI:ld  in  Right  Hand. 


Fig.  22.  —  Joining  Two  Block 


Fig.  23.  —  Several  Blocks 
in  Combination. 


Fig.  24.  —  Testing  Center  Distance  op  Holes  in  Jig 
Gage  Blocks  and  Standard  Plugs. 
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26.  Sets  of  combination  standard  gage  blocks.  —  These 
blocks  may  be  obtained  singly,  in  special  groups,  or  in  stand- 
ard combination  sets.  One  of  the  largest  and  most  practical 
sets  contains  81  blocks,  as  shown  in  Fig.  18.  The  blocks  are 
divided  into  four  general  series  or  groups  from  which  the 
various  combinations  are  built. 

With  this  set  300,000  different  sizes  are  obtainable. 

First  Series.  —  9  blocks  with  sizes  as  follows: 


O.IOOl 


0.1002 
0.1006 


0.1003 
0.1007 


0.1004 
0.1008 


0.1005 
0.1009 


Second  Series.  —  49  blocks  with  sizes  as  follows: 


0.101 
0.108 
0.115 
0.122 
0.129 
0.136 
0.143 


0.102 
0.109 
0.116 
0.123 
0.130 
0.137 
0.144 


0.103 
0.110 
0.117 
0.124 
0.131 
0.138 
0.145 


0.104 
0.111 
0.118 
0.125 
0.132 
0.139 
0.146 


0.105 
0.112 
0.119 
0.126 
0.133 
0.140 
0.147 


0.106 
0.113 
0.120 
0.127 
0.134 
0.141 
0.148 


0.107 
0.114 
0.121 
0.128 
0.135 
0.142 
0.149 


Third  Series.  —  19  blocks  with  sizes  as  follows: 


0.050 
0.400 


a.  100 

(i.450 


0.150 
0.500 
0.750 


0.200 
0.550 
0.800 


0.250 
0.600 
0.850 


0.300  0.350 
0.650  0.700 
0.900    0.950 


Fourth  Series.  —  4  blocks  with  sizes  as  follows: 
1,  2,  3,  4". 


Fig.  25.  —  Setting  Sine  Bar  with  Gage  Blocks. 
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26.  To  select  gages  for  any  desired  size.  — 

Example.  —  To  make  up  a  set  of  blocks  for  2.7834".  First  elimi- 
nate the  ten-thousandths  by  selecting  block  0.1004"  from  series  1; 
then  the  thousandths  by  selecting  block  0.133"  from  series  2.  This 
block  should  be  so  chosen  that  it  will  leave  the  hundredths  figure  0  or 
5.    Blocks  0.550"  and  2"  complete  the  combination.    See  Fig.  18. 


SoliUion, — 


Desired  size      2.7834 

First  block,       0.1004    0.1004 


Second  block, 

2.6830 
0.133 

0.133 

Third  block, 

2.550 
0.550 

0.550 

Fourth  block. 

2.000 
2.000 

2.000 

0.000      2.7834" 

Information,  —  It  is  not  necessary  to  use  a  particular  combination 
to  make  up  a  gage  of  a  desired  size,  but  it  is  advisable  to  use  the  least 
number  of  blocks  possible. 


FiQ.  26.  —  Set  op  Accessories  por  Gage  Blocks. 

27.  Accessories  for  gage  blocks.  —  To  enable  the  blocks  to 
be  used  for  different  purposes,  such  as  calipering  and  for  height 
gages,  a  set  of  accessories  and  attachments  are  obtainable. 
The  larger  sets  contain  4  holders,  3  pairs  of  jaws,  1  straight 
edge,  1  base  to  convert  holders  into  height  gages,  1  scriber, 
and  1  center. 
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Fio.  27.  —  Dkscbibinq  Accubate  Cibclbs  and  Abcs  with  Gage 

Blocks. 

CONSTRUCTION  OF  GAGES 

28.  Material  for  gages.  —  Solid  gages  are  usually  made 
from  tool  or  alloy  steel,  machined,  hardened,  tempered,  sea- 
soned, ground  and  lapped  to  size.  Some  manufacturers 
make  these  gages,  especially  if  large,  from  machine  steel  and 
case-harden  them  before  grinding  and  finishing  to  size.  See 
Hardening  and  Tempering,  Principles  of  Machine  Work. 

Solid  gages  may  be  cut  from  plate  or  bar  stock,  or  made 
from  drop  forgings  or  castings  depending  upon  the  style 
required.  Adjustable  gages  have  their  frames  made  from 
drop  forgings,  malleable  castings  or  iron  castings,  and  their 
gaging  points  of  tool  or  alloy  steel  which  are  finished  by  grind- 
ing and  lapping. 

Information.  —  The  frames  of  gages  often  strike  the  work.  This 
hammering  or  peening  effect  may  destroy  the  accuracy  of  the  gage. 
By  making  the  gages  of  rigid  design,  and  attaching  soft  bumpers,  peeD- 
^  may  be  avoided  to  a  large  extent. 

Wcaming.  —  If  a  gage  faUs  to  the  floor,  it  should  not  be  used  again 
until  it  is  tested  for  accuracy. 

Note.  —  Soft  gages  may  be  used  for  testing  a  few  pieces;  but,  as  they 
wear  rapidly,  should  only  be  used  in  emergeDcies. 

29.  Tolerance  for  wear  of  gages.  —  In  the  design  of  snap, 
plug,  and  special  "  go  "  and  "  no-go  "  gages,  attention  must 
be  given  to  the  wear  of  the  measuring  surfaces.  Allowance 
must  be  made  for  this  by  slightly  var3ring  the  size  of  the  gage. 
This  tolerance  for  wear  also  varies  with  manufacturing  toler- 
ances, and  the  greater  the  difference  between  maximum  and 
minimum  limits,  the  greater  the  tolerance  for  wear  that  can 
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be  allowed.  To  provide  for  this  wear,  the  gages  are  made 
slightly  smaller  for  external  gages  and  slightly  larger  for 
internal  gages,  and  the  operator  or  inspector  works  closer  to 
the  nominal  dimension.  For  example,  a  steel  stud  with  a 
nominal  diameter  of  1",  has  a  tolerance  of  ±0.001".  The 
gage  for  the  maximum  dimension  would  be  1.0008"  while  the 
gage  for  the  minimum  dimension  would  be  0.9992",  allowing 
0.0002"  for  wear. 

Informaiwn.  —  For  toleranoe  for  wear  of  the  gage,  10  per  cent  of  the 
tolerance  of  the  work  is  permissible. 

30.  The  effect  of  rough  and  finished  surfaces  on  the  life  of 
gages.  —  The  condition  of  the  surface  of  the  metal  gaged  has 
an  eflfect  on  the  life  of  the  gage.  Rough-machined  surfaces 
will  wear  a  gage  about  three  times  as  fast  as  smooth  surfaces. 

Informatton.  —  Ground  surfaces  usually  retain  some  of  the  abrasive 
used  in  grinding  which  is  also  a  factor  in  the  life  of  gages. 

31.  The  effect  of  different  metals  on  the  life  of  gages.  — 

The  kind  of  metal  of  which  the  machine  parts  are  made 
determines,  approximately,  the  number  of  pieces  that  can  be 
inspected  before  the  gage  is  worn  beyond  its  tolerance  for 
wear. 

Complicated  parts  to  which  it  is  somewhat  difficult  to  fit 
gages,  and  work  that  requires  the  use  of  thin  gages,  cause 
excessive  wear  and  shorten  the  life  of  the  gages. 

Cast  iron  and  aluminum  have  a  large  lapping  effect  which^ 
causes  considerable  wear  on  the  measuring  surfaces  of  gages. 

Cast  iron,  due  to  the  presence  of  crystals  of  cementite  or 
carbide  of  iron  in  the  metal,  is  liable  to  wear  the  surfaces  of  a 
gage  at  the  rate  of  0.00025"  for  about  10,000  parts  inspected. 

Aluminum  which  contains  alumina  or  aluminum  oxide  in 
crystalline  form,  may  be  expected  to  wear  a  gage  0.00026"  for 
about  11,000  parts  tested. 

Steel  and  brass  have  only  a  small  lapping  effect  and  produce 
only  a  slight  wear  on  gages.  Before  wearing  an  amount 
exceeding  0.00025",  a  gage  will  inspect  about  30,000  steel 
parts,  or  50,000  brass  parts. 
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32.  Tolerances  for  plated  work.  —  If  parts  are  to  be  plated, 
they  should  be  machined  to  allow  for  the  thickness  of  the 
deposited  metal.  For  ordinary  work,  from  0.0005"  to  0.001" 
may  be  allowed  on  each  surface  for  copper,  zinc,  or  nickel 
plating. 

Information.  —  Worn  gages  are  sometimes  temporarily  repaired  by 
plating  the  measuring  surfaces. 

INDICATING  GAGES 

33.  Indicating  gages  are  often  used  in  inspecting  and  test- 
ing work  as  they  tell  at  a  glance  whether  or  not  the  work  is 
within  the  required  limits  and  often  show  the  actual  error. 
There  are  many  types  of  these  gages,  but  dial  reading  indi- 
cators are  generally  used  for  ordinary  work. 

34.  The  comparative  type  of  indicators  is  used  in  inspection 
for  testing  alinements,  accuracy  of  machine  parts,  surfaces, 
etc.,  more  than  for  the  determination  of  actual  measurements 
or  differences  of  measurements.  See  Testing  Lathe  Work 
with  Indicators,  p.  12l0. 


Fia.  28.  —  Measuring  Thin  Work  with  Dial  Gage. 

36.  Direct  reading  dial  indipators.  Figs.  28,  29,  have  the 
movement  of  the  measuring  points  multiplied  by  a  train  of 
gears  to  a  needle  or  pointer  which  indicates  on  a  dial.  These 
gages  may  be  used  to  measure  the  exact  size  of  the  work,  or 
may  be  used  as  comparators. 
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Dial  gage  A,  Fig.  28,  is  attached  to  a  special,  inclined  stand 
B  for  quick  reading.  The  needle  of  indicator  C  is  set  at  zero 
when  measuring  point  D  is  in  contact  with  face  of  the  stand. 

To  gage  work,  raise  point  D  by  levet  E.  Place  work  F 
under  the  spindle  and  lower  point  to  work  by  releasing  lever 
E.  The  reading  on  the  dial  gives  the  exact  thickness  of  the 
disk.  If  necessary  several  readings  may  be  taken  on  the  same 
work  by  pressing  and  releasing  lever  E. 

Universal  dial  test  indicator  A,  Fig.  29,  clamped  to  rod  B, 
is  set  for  measuring  the  error  of  work  C.  With  the  contact 
point  D  touching  a  standard  gage  block  or  a  standard  piece 
of  work,  the  needle  is  set  at  zero.  When  the  work  is  moved 
beneath  the  gage  the  needle  shows  the  amount  of  oversize  or 
undersize. 


Fia.  29.  —  Tebtinq  Thickness  op  Flanges  wrrn  Uniybbsal 
Dial  Indicator. 

By  attaching  these  gages  to  different  stands  or  fixtures, 
they  have  almost  unlimited  uses.  See  Testing  Lathe  Work 
with  Indicators,  p.  12i0,  and  inspection  of  Machine  Tools, 
p.  1401. 

36.  Prestometer  or  fluid  gage.  Fig.  31,  is  an  instrument 
used  as  a  comparator,  or  for  the  determination  of  fine  varia- 
tions in  sizes  of  duplicate  parts  with  reference  to  a  master 
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block  or  standard  part.  The  operation  of  the  instrument  is 
based  upon  the  deflection  of  a  diaphragm  which  creates  a 
varying  pressure  on  a  colored  liquid  and  causes  it  to  rise  or 
fall  in  a  glass  tube.  The  principle 
of  operation  of  the  fluid  gage  is 
shown  in  Fig.  30. 

Stationary  anvil  A  is  used  to 
hold  work  B.  Moving  anvil  C  is 
attached  to  diaphragm  D  held  in 
chamber  E.  A  piece  of  work 
passed  between  the  two  anvils 
raises  moving  anvil  C  and  causes 
diaphragm  D  to  deflect  upward, 
forcing  the  fluid  F  up  into  glass  Fia-  30.  — Section  of  Dia- 
tube  G.    A  variation  in  the  size  of     p™^™  ^nd  Fjahd  Chamber 

1        .  1  -1  >-r        1      OP  Prestometer. 

work  raises  or  lowers  anvil  C  and 

causes  a  variation  in  height  of  liquid  in  tube. 

Calibrated  tube  G  is  used  with  a  scale  graduated  to  agree 
wiflh  the  tube  calibration.  Any  variation  in  the  height  of 
fluid  column  due  to  variation  in  the  size  of  work  is  read  on, 
scale. 

Information,  —  Calibrated  tubes  with  differentHsized  bores  and  with 
properly  graduated  scales  are  obtainable  for  changing  the  magnifying 
power  of  the  instrument.  The  fluid  used  in  the  instrument  is  pure 
alcohol  colored  with  aniline  dye. 

37.  To  set  and  use  fluid  gage.  —  Place  standard  gage,  or  a 
piece  of  work  of  the  required  size,  A,  Pig.  31,  on  solid  anvil  B. 
Loosen  clamp  nut  C  and  lower  clamping  head  D  with  rack  E 
and  pinion  F  until  movable  anvil  G  almost  touches  work. 
Clamp  in  this  position  by  tightening  clamp  nut  C.  Screw 
diaphragm  chamber  H  downward  so  that  moving  anvil  G 
presses  on  work  sufficiently  hard  to  deflect  diaphragm  and 
raise  top  of  liquid  in  tube  J  about  one-half  inch.  Bring  scale 
k  which  may  be  read  to  0.0001",  to  a  position  where  the  top 
of  fluid  column  will  register  at  the  zero  line  in  center.  Re- 
move work  from  instrument.  Adjust  pointer  L  to  the 
maximum  limit  of  work  size,  and  pointer  M  to  the  Tninin^^Tn 
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limit.  Set  pointer  N  to  top  of  fluid  column  with  work  re- 
moved. Check  setting  by  passing  the  standard  between 
anvils  a  few  times  to  make  sure  fluid  column  registers  at  zero, 
on  the  scale.    The  gage  is  now  ready  for  use. 


Fio.  31.  —  Gagino  Work  wtth  Pbbstometbr  or  FLnn>  Gaob. 

Attention,  —  If  more  fluid  is  added  to  the  tube,  or  the  temperature 
change  affects  the  length  of  the  fluid  column,  the  accuracy  of  the  in- 
strument is  not  affected  as  long  as  pointer  iV^  is  set  at  the  normal  fluid 
level.  All  the  pointers  may  be  moved  simultaneously  by  means  <rf 
pointer  carriage  P. 

Information,  —  The  normal  fluid  level  should  be  about  half-way  up 
in  the  tube.  More  liquid  may  be  added  with  a  dropper.  Excess 
hquid  may  be  removed  by  pressing  on  diaphragm  to  force  liquid  up 
into  a  reservoir  at  top  of  tube  and  removing  the  excess  amount  with  a 
piece  of  blotting  paper. 

38.  '*  Feel "  or  touch  indicators  are  operated  by  the  use 
of  pins,  or  collars  in  jigs,  or  box  gages,  and  determine  accuracy 
by  noting  whether  or  not  the  "  telltale ''  is  flush  with  a  surface. 
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This  type  of  indicator  has  only  a  limited  use  and  is  seldom 
employed  except  for  special  work. 

39.  Combination  scale  indicators  based  upon  the  microm- 
eter and  vernier  principles  are  often  attached  to  machines, 
tools  and  fixtures  for  obtaining  fine  adjustments  and  measure- 
ments, or  for  testing  and  inspecting. 


METRIC  MICROMETER  CALIPERS 

40.  Metric  micrometer  caliper.  Fig.  33,  measures  to  25 
millimeters.  It  is  similar  to  a  1''  micrometer  caliper,  and  is 
used  for  measuring  work  by  the  Metric 
system.    See  Micrometer  Calipers,  p.  207. 

This  micrometer  consists  of  frame  A 
and  barrel  B.  The  threaded  portion  of 
precision  screw  C,  which  is  concealed 
within  barrel  B,  fits  a  nut  in  the  frame. 

41.  Principle  of  metric  micrometer. — 
The  pitch  of  the  screw  is  0.5  mm.  and 
barrel  B  is  graduated  into  0.5  mm.  divi- 
sions reading  from  zero  to  25  mm.,  as  at 
D.  The  0.5  mm.  divisions  are  shown 
above  line  E]  and  the  1.0  mm.  divisions, 
below  line  E  with  the  designating  figures. 
One  revolution  of  the  screw  C  opens  or 
closes  the  caliper  from  a  division  above 
or  below  line  E  to  the  next  division  above 
or  below  line  E,  or  0.5  nmi.  Two  revolutions  will  move  the 
caliper  from  one  division  below  line  E  to  the  next  division 
below  line  E,  or  1.0  mm.  Thimble  F  is  graduated  into  50 
divisions  from  zero  to  50.  Rotating  the  thimble  from  one 
graduation  to  the  next  moves  the  caliper  -^  of  0.5  mm.,  or 
0.01  mm.  Every  fifth  mm.  on  the  barrel  is  numbered  5,  10, 
16,  etc.,  and  may  be  read  as  5  mm.,  10  mm.,  etc. 

42.  To  read  metric  micrometer.  —  In  Fig.  33  the  figure  10 
on  the  barrel  may  be  read  as  10  mm.,  and  the  five  additional 
divisions,  counting  both  above  and  below  line  E,  as  2.5  mm. 


Fig.  32. — Metbic  and 
English  Systems 
compabed. 
25  MM.  AND  1  Inch. 
Full  Size. 
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Then  adding  23  divisions,  or  0.23  mm.,  on  thimble  makes 
the  complete  reading  10  +  2.5  +  0.23  =  12.73  mm.  which  is 
the  diameter  of  work  G.  This  is  approximately  one-half  inch. 
See  Tables  of  Inches  with  Equivalents  in  Millimeters,  Prin- 
ciplea  of  Machine  Work. 


oiAMCTCR  or  wouk  Ga 
tO-i- 2.5+ 0.23*  12.73  * 

Ofl    AP^ROXIMATCLV   j" 


Fio.  33.  —  Mbaburinq  with  Metric  MicBOBfEXEB  Caliper. 

Infarmaiion,  —  Metric  micrometers  are  graduated  to  read  to  one- 
hundredth  of  a  millimeter,  but  half,  quarters  and  tenths  of  this  division 
may  be  easily  estimated. 

INSPECTION  OF  MACHINE  PARTS 

43.  Requirements  for  inspecting  machine   parts.  —  The 

best  results  are  obtained  by  organizing  a  suitable  system  for 
the  work  at  hand.  The  gages  should  be  accurately  designed 
and  constructed,  the  work  of  the  inspectors  properly  laid  out, 
and  the  routing  or  movement  of  the  parts  from  inspector  to 
inspector,  or  from  department  to  department,  carefully 
planned. 

INSPECTION  ORGANIZATION 

44.  Inspection  staff.  —  The  organization  of  the  inspection 
department  should  be  separate  and  distinct  from  the  produc- 
tion department,  and  should  be  responsible  to  the  manage- 
ment only. 
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In  large  plants  there  is  a  chief  inspector  who  has  under  him 
foremen  inspectors  for  the  various  departments  each  in  charge 
of  his  own  inspection  staff  which  includes  traveling,  field  or 
operation  inspectors,  and  bench  or  crib  inspectors. 


Fio.  34.  —  iNSPEcnNG  with  Micbombtbb  Calipers. 

46.  The  chief  inspector  is  the  executive  head  of  the  inspec- 
tion department.  He  is  responsible  for  the  quality  of  the 
entire  production  and  reports  directly  to  the  management. 
He  should  have  the  ability  to  organize  the  various  depart- 
ments and  to  supervise  and  direct  the  subordinate  branches. 
This  work  requires  a  large  knowledge  of  machine-shop  practice 
and  tool  and  gage  making.  It  is  also  desirable  that  the  chief 
inspector  be  acquainted  with  materials  of  machine  construe^ 
tion,  testing  of  materials,  metallurgy,  hardening  and  temper- 
ing, and  heat  treatment  of  steel. 

46.  The  foremen  inspectors  have  charge  of  departments 
and  supervise  the  actual  inspection  operations  performed 
within  these  departments  which  include  both  the  work  of 
traveling,  field,  or  operation  inspectors  and  that  of  the  bench 
or  crib  inspectors.  Their  duties  also  include  checking  all 
gages  used  by  the  various  inspectors  in  the  department. 
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A  foreman  inspector  should  be  acquainted  with  general 
machine-shop  practice  and  possess  the  ability  to  organize  as 
well  as  to  supervise,  the  department. 

47.  Traveling,  field  or  operation  inspectors  watch  the  new 
set-up  of  a  machine  and  check  the  first  few  pieces  to  see  that 
production  starts  correctly.  They  also  circulate  among  the 
different  machines  and  inspect  one  or  two  pieces  from  each 
machine  at  stated  intervals  —  ten  minutes  or  longer  depend- 
ing upon  the  class  of  work  —  to  see  that  the  tools  are  properly- 
adjusted  and  maintain  their  settings,  and  to  detect  errors 
before  a  large  number  of  parts  are  machined.  A  traveling 
inspector  should  have  a  comprehensive  knowledge  of  machine- 
shop  practice  and  an  intimate  acquaintance  with  different 
types  of  gages  and  methods  of  inspection. 


Fig.  36.  —  TssTiNa  Center  Distance  wtth  Vernisb  and  Plug 

Gages. 

48.  Bench  or  crib  inspectors  inspect  the  parts  after  each, 
or  a  series  of  operations.  The  work  is  usually  carried  on  in 
an  inspection  crib  or  room,  under  the  supervision  of  the  fore- 
man inspector.  Bench  inspectors  should,  after  proper  in- 
struction, be  able  to  use  the  various  types  of  gages,  to  read 
and  use  micrometer  and  vernier  calipers,  and  to  read  blue 
prints.    It  is  also  important  that  bench  inspectors  have  keen 
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powers  of  observation  in  order  that  they  may  readily  detect 
errors  or  defects  which  may  not  be  directly  connected  with 
the  inspection  operation. 

A  bench  inspector  usually  inspects  only  one  dimension,  or 
one  operation,  at  one  time,  passing  the,  part  on  to  the  next 
inspector  for  further  examination  should  the  work  require  it. 

InfarmaHon, — A  bench  inspector  may  inspect  certain  classes  of 
small  parts  at  the  rate  of  from  one  thousand  to  fifteen  hundred  pieces 
per  hour. 

49.  Inspection  cribs  or  rooms  are  spaces  usually  screened 
or  partitioned  oflf  from  the  rest  of  the  departments.  They 
should  be  conveniently  located  and  large  enough  to  contain 


Fig.  36.  —  Testing  Taper  with  Special  Gage. 

ample  storage  space  for  work  in  progress  of  construction  as 
well  as  the  necessary  room  for  the  inspectors  and  their  equip- 
ment. Work  may  be  stored  and  transported  in  tote  boxes  or 
racks,  Fig.  36,  each  containing  a  definite  number  of  parts. 
This  will  allow  a  quick  survey  of  the  number  of  parts  awaiting 
inspection,  parts  ready  for  further  operations,  parts  com- 
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pleted  and  parts  rejected.  The  crib  should  act  as  a  clearing 
house,  no  work  remaining  outside  unless  in  process  of  ma- 
chining. This  gives  a  constant  check  on  production  and 
trouble  is  easily  located. 

GENERAL  INSPECTION  METHODS 

60.  Systems  of  inspection.  —  There  are  three  general  sys- 
tems of  inspection:  Random,  Complete  and  Combination. 

61.  Random  or  percentage  inspection  is  based  upon  the 
principle  of  inspecting  a  certain  definite  number  of  parts  and 
then  judging  the  quaUty  of  the  entire  output  on  the  results 
obtained.  If  the  number  of  parts  selected  pass  inspection,  it 
is  assumed  that  the  entire  lot  is  within  the  specifications  and 
it  is  passed  as  such.  If  any  of  the  inspected  parts  fail  to 
pass,  the  entire  lot  is  rejected.  Random  inspection  is  used  by 
the  traveling  inspectors , for  the  inspection  of  parts  at  the 
machines,  and  also  as  a  final  check  upon  parts  which  have 
received  complete  inspection  for  each  operation.  On  certain 
classes  of  work,  such  as  machine  tools,  where  the  accuracy  of 
the  product  is  more  essential  than  the  interchangeability  of 
the  parts,  random  inspection  is  used  almost  entirely  as  a  final 
test  on  the  completed  machines. 

62.  Complete  or  one  hundred  per  cent  inspection  requires 
that  each  part  be  inspected  after  each  operation.  It  is  used 
extensively  on  parts  requiring  a  high  degree  of  interchange- 
abiUty  not  only  for  the  operation  inspection  but  also  for  the 
final  inspection. 

63.  Combination  inspection.  —  This  system  of  inspection 
combines  the  random  method  with  the  one  hundred  per  cent 
method. 

When  an  operation  is  started,  the  first  piece  or  pieces  are 
inspected  to  test  the  accuracy  of  the  set-up  to  insure  the 
proper  placing  of  tools  and  fixtures.  The  production  is  then 
started  and  the  first  few  pieces  watched  for  errors  caused  by 
the  improper  adjustment  of  tools,  dull  tools,  or  tools  slipping. 
If  errors  are  present,  they^are  corrected  immediately.  When 
production  is  at  fuU  speed,  the  traveling  inspectors  keep  a 
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check  on  the  quality  and  see  that  the  proper  standards  are 
maintained.  After  a  certain  number  of  parts  have  had  an 
operation  completed,  they  are  taken  to  the  central  inspection 
crib  or  room  to  receive  one  himdred  per  cent  inspection  for 
that  operation  by  the  bench  inspectors.    These  parts  are  not 
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Fig.  37.  —  Testing  Shoulder-Distance  with  Tail  Gage. 

allowed  to  receive  another  operation  until  approved  by  the 
foreman  inspector.  When  a  group  of  parts  has  received  all 
of  the  machining  operations,  a  few  are  given  com^plete  inspec- 
tion. The  entire  group  is  accepted  or  rejected  by  the  result 
of  this  random  inspection. 

This  method  of  inspection  keeps  a  close  check  on  quality  of 
production,  enables  a  careful  watch  to  be  maintained  of  each 
operator's  work,  and  allows  parts  to  be  rejected  at  once  with- 
out having  further  work  wasted  on  them. 

Attention.  —  If  excessive  rejections  are  made  at  the  final  random  in- 
spection, an  immediate  change  to  the  one-hundred  per  cent  method  of 
inspection,  is  often  made.    . 

Warning.  —  Inspection  may  be  carried  to  extremes,  prove  un- 
economical, and  be  a  hindrance  to  manufacturing.  An  inspection 
system  should  be  so  organized  and  conducted  that  it  will  codperate 
with  the  management  and  facilitate  rapid  production. 

64.  Sets  of  gages  for  inspection.  —  Four  sets  of  gages  are 
often  used  for  the  inspection  of  machine  parts  —  master, 
checking,  working,  and  tolerance. 
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Master  gages  are  not  used  for  general  inspection  work. 
They  are  only  used  to  set  or  test  the  checking  gages. 

Checking  gages  are  the  reverse  of  the  master  gages;  that  is, 
if  the  master  gage  is  of  the  caliper  type,  the  checking  gage 
would  be  of  the  plug  type.  These  gages  are  used  to  test, 
check,  and  establish  the  sizes  of  working  and  tolerance  gages. 

"  Working  "  gages  is  the  name  given  to  all  gages  used  by 
the  traveling  and  bench  inspectors  and  by  the  machine 
operators,  with  the  exception  of  the  gages  used  on  the  final 
inspection.  The  tolerances  of  these  gages  are  usually*  made 
slightly  smaller  than  those  specified  for  the  work  in  order  to 
give  the  machine  operators  a  small  margin  of  safety. 

Tolerance  gages  are  those  used  on  the  final  inspection  by 
the  bench  inspectors.  They  are  made  ¥rith  the  specified 
tolerances. 


Fig.  38.  — TasTmo  "Go"  Eln>  or  a  Lnnr  Plug  Gage. 

66.  Testing  inspection  gages.  —  The  gages  used  by  the 
bench  and  traveling  inspectors  and  the  machine  operators, 
should  be  tested  at  regular  intervals  to  see  if  they  are  still 
within  their  tolerances  for  wear.    See  Figs.  4,  17,  38. 

Warning,  —  Snap  gages  or  other  measuring  toob  should  never  be 
used  to  measure  revolving  or  moving  work. 

66.  Reinspection  of  machine  parts.  —  Parts  which  have 
been   rejected   during   the   operation   inspection   are   often 
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reinspected  with  tolerance  or  final  inspection  gages.  The 
parts  accepted  by  reinspection  are  allowed  to  go  on  and  re- 
ceive further  operations;  but  the  rejected  parts  are  either 
discarded  or,  in  many  cases,  salvaged  by  remachining. 

SPECIAIi  FORMS  OF  INSPECTION 

67.  Functional  or  partial  assembly  inspection.  —  Besides 
inspection  for  accuracy  and  interchangeability,  some  of  the 
component  parts  are  often  inspected  to  see  if  they  function  or 
operate  properly.  For  this  purpose  a  number  of  4ihe  com- 
ponent parts  are  placed  in  a  fixture,  improvised  machine 
frame  or  jig,  where  they  may  be  tested  for  operation,  eccen- 
tricity, aUnement  and  adjustment,  with  indicators  or  other 
instruments. 

68.  Profile  or  contour  inspection.  —  Work  of  irregular 
outline  is  inspected  with  profile  or  contour  gages.  They  are 
made  in  the  form  of  templets.  The  gaging  surfaces  are  either 
hardened  and  ground,  or  else  hardened  and  ground  plugs  are 
inserted  at  intervals  along  the  surface  to  prevent  excessive 
wear. 

If  the  profile  is  only  on  one  side  of  the  work,  a  single  gage  is 
used  and  its  fit  determined  by  the  light  line  between  gage  and 
work.  Where  the  profile  extends  nearly  or  completely 
around  the  work,  "  go  "  and  "  no-go  "  profile  gages  are  used. 
The  work  should  drop  through  one  gage  and  not  through  the 
other. 

Indicating  gages  are  sometimes  attached  to  profile  gages  to 
test  the  accuracy  and  location  of  irregular  surfaces. 

69.  Visual  inspection  for  finish  is  made  on  surfaces  which 
have  been  cleaned,  polished,  ground,  lapped,  scraped,  plated, 
painted,  japanned,  etc. 

Machine  parts,  as  well  as  assembled  machines,  are  also 
often  given  a  visual  inspection;  and  if  any  part  has  large  or 
noticeable  defects,  such  as  burrs,  poorly  finished  surfaces, 
rough  threads,  scars  from  errors  in  tool  settings,  etc.,  it  may 
be  rejected  without  further  handling  or  inspection. 

Hardened,   tempered,   and   case-hardened   work   is  often 
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visually  inspected  by  observing  its  color,  shade  or  tone,  in 
addition  to  standard  tests.  In  fact,  consciously  or  uncon- 
sciously, all  work  is  given  visual  inspection  in  a  greater  or 
less  degree. 

60.  Magnifying-g^ss  inspection  is  often  used  for  tools, 
gages,  instruments,  dies,  punches,  hardened  and  tempered 
work,  and  ground  and  lapped  surfaces. 

Fig.  39  shows  the  method  of  inspecting  the  inner  surface  of 
a  drawing  die  to  determine  the  quality  of  finish  and  to  detect 
checks  or  cracks  from  hardening. 


Fig.  39.  —  Inspecting  a  Cartridge  Drawing  Die,  with 
Magnifying  Glass. 

61.  Inspection  for  hardness.  —  Metals  used  in  machine 
construction  as  well  as  machine  parts,  are  inspected  for  hard- 
ness of  material,  and  hardness  after  hardening  and  tempering, 
or  heat  treating.  Comparative  and  approximate  hardness 
may  be  determined  by  the  use  of  a  smooth  file  or  a  dead- 
smooth  file.  To  measure  the  hardness  of  metal  accurately, 
the  scleroscope.  No.  51,  Fig.  12,  or  Brinell  testing  machine, 
No.  53,  Fig.  12,  is  used.     See  Principles  of  Machine  Work. 

62.  Weight  inspection.  —  Parts  of  some  classes  of  machines 
are  inspected  for  weight  when  the  weight  of  the  part  has  a 
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definite  bearing  upon  its  use  or  operation.  SmaU  machine 
parts,  such  as  screws,  bolts,  nuts,  and  parts  of  small  mecha- 
nisms, are  often  counted  by  weighing. 

DEVICES  AND  MACHINES  FOR  INSPECTING 
SMALL  PARTS 

63.  Methods  of  increasing  the  speed  of  hand  inspection.  — 

To  permit  action  of  both  hands,  avoid  waste  motion,  conserve 
time,  and  promote  general  efficiency;  various  improvised 
arrangements  and  fixtures  are  often  devised  which  increase 
the  rapidity  of  hand  inspection. 

Both  hands  used  to  handle  work  for  inspection.  —  A 
method  of  increasing  the  speed  of  hand  inspection  is  shown 
in  Fig.  40.    The  fuse  bodies  are  inspected  to  insure  that  the 


Fig.  40.  —  iNSPBcnNO  Small  Parts  wtth  Gages  Fastbnsd  to 

Bench. 

diameter  of  the  threaded  hole  is  not  reduced  by  the  threading 
operation.  The  '*  go  "  and  '*  no-go  "  gages  are  fastened  to 
a  block  or  holder,  leaving  both  hands  free  to  handle  and  gage 
the  work. 

Several  parts  are  picked  up  in  the  left  hand.  The  right 
hand  takes  a  single  part  and  tests  it  on  the  "  go  "  gage  and 
then  on  the  "  no-go  "  gage.  While  the  last  part  is  being 
inspected,  the  left  hand  picks  up  another  handful  of  parts. 
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Belt  conveyors  are  sometimes  used  to  carry  parts  of  the 
work  from  one  inspector  to  another  during  the  bench  inspection. 

64.  Hand  machines  for  inspecting  machine  parts.  —  Some 
machine  parts  may  be  more  rapidly  inspected  for  a  single 
operation  by  improvising  power-driven  devices  or  by  adapting 
Ught  power-driven  machines  to  the  work.  Fig.  41  shows  the 
final  or  f linctional  inspection  of  a  fuse  for  a  shell  by  means  of 
a  Ught  frictionally-driven  tapping  machine.    This  inspection 
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Fig.  41.  —  Fijnctional  Inspbction  with  a  MAcmNB. 

checks  the  fit  of  the  thread,  length,  contour  and  concentricity 
of  fuse  to  insure  that  the  fuse  will  fit  adapters  made  elsewhere. 
A  single  functional  gage  is  held  in  a  chuck.  The  gage  consists 
of  a  threaded  ring  for  testing  the  threaded  portion  of  the  fuse, 
and  a  socket  which  is  a  duplicate  of  the  adapter.  The  inspec- 
tor takes  a  fuse  in  the  left  hand,  places  the  spanner  wrench  in 
position  and  inserts  the  fuse  in  the  rotating  gage.  The  Ifuse 
and  spanner  wrench  are  shown  in  detail,  Fig.  41.  The  rota- 
tion carries  the  fuse  inward.  When  the  fuse  is  all  the  way  in, 
or  part  way  in  and  binds,  the  inspector  pushes  on  the  work 
and  forces  the  friction  wheel  against  the  rear  pulley  which 
reverses  the  rotation  of  the  gage  and  carries  the  fuse  out. 
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Work  that  will  screw  into  the  gage  freely  is  accepted;  work 
that  binds  or  does  not  enter  is  rejected.  Some  machines  are 
arranged  to  reverse  by  using  a  treadle  or  shipper. 

Information.  —  For  "go"  and  "no-go"  inspection,  two  machines 
may  be  used,  one  with  the  "go"  gage,  the  other  with  the  "no-go"  gage. 

66.  Automatic  machines  for  inspecting  machine  parts  are 

used  to  some  extent  on  small  plain  work.  Balls  and  rollers 
for  bearings  are  usually  inspected  and  sorted,  and  often 
counted  by  automatic  machines. 

The  machines  for  this  work  are  so  constructed  that  the 
parts  move,  by  gravity  or  otherwise,  past  or  through  a  series 
of  gages  which  act  automatically;  accepted  parts  drop  into 
one  receptacle  and  rejected  parts  into  another. 
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SECTION  14 

INSPECTION  OF  MACHINE  TOOLS,  PRECISION 

MEASUREMENT  OF,  THREADS,  HEAVY  DUTY 

TURNING  AND  BORING 

Inspection  of  Machine  Tools:  Engine  Lafhe,  Drilling  Madiine,  Milling 
Machines,    Planer.    Inspection    of    Threads.    Limits    Applied    to 
Threads.    Thread    Lead    Indicators    and    Testing    Machines. 
Wkt  Systems  for  Precision  Measurement  of  Pitch  Diam- 
eters and  Angles  of  Threads.    Heavy  Duty  Boring  and 
Turning.    Vertical  Turret  Lathes. 

INSPECTION  OF  MACHINE  TOOLS 

1.  Intiroduction.  —  During  the  building  and  assembly  of 
machine  tools,  tests  are  made  with  proof  bars,  surface  plates, 
parallels,  levels,  straight  edges,  templets,  and  various  forms  of 
test  and  indicatmg  gages  to  insure  the  alinement  and  accuracy 
of  the  component  parts.  Tests  made  before  and  during 
assembly  may  be  repeated  after  assembly  with  the  addition  of 
different  cutting  operations  to  prove  the  accuracy  and  aline- 
ment of  the  machine,  and  to  insure  that  the  machine  will  pro- 
duce accurate  work.  Some  parts  are  often  given  their  final 
tests  and  inspection  during  scraping  and  assembly,  to  elimi- 
nate the  necessity  of  taking  down  and  reassembling  the  machine 
should  corrections  be  necessary. 

SmaM  errors  are  usually  corrected  by  scraping;  excessive 
errors  often  require  remachining  and  scraping  or  the  replacing 
of  the  inaccurate  parts.  The  general  procedure  of  inspection 
is  practically  the  same  for  all  machine  tools  and  differs  only 
with  the  type  of  machine  and  the  class  of  work  which  it  pro- 
duces.   See  Scraping,  Principles  of  Machine  Work. 

1401 

Digitized  by  VjOOQ IC 


1402  ADVANCED  MACHINE  WORK 

Information,  —  Wooden  shims,  or  shingles,  are  commonly  used  to 
level  up  machines.  One  leg  or  comer  of  the  machine  base  should 
remain  on  the  floor  and  as  few  thicknesses  as  possible  used.  After  the 
machine  is  set  in  place  and  leveled,  additional  shims,  or  shingles,  should 
be  driven  in  to  fill  open  spaces  under  the  legs  or  base  to  give  a  solid 
bearing. 

.  2.  The  planing  of  beds,  tables,  frames,  and  other  com- 
ponent parts  of  machines  is  the  fundamental  basis  of  accurate 
machine  building.  The  alinement  of  a  machine  depends,  to 
a  large  extent,  upon  the  accuracy  of  the  planer  upon  which 
the  bed  or  frame  of  the  machine  is  planed.  An  expert  scraper 
'can  correct  small  errors,  but  depends  largely  upon  the  planer 
for  accurate  alinement  since  straight  edges,  scraping  jigs,  or 
surface  plates  are  not  always  available  or  convenient  to  use 
on  large  work.  Large  errors  cannot  be  corrected  economically 
by  scraping.  Surfaces,  especially  of  large  work,  are  often 
scraped  to  fit  each  other.  See  Planers,  p.  90l,  and  Inspection 
of  a  Planer,  p.  14l6. 

3.  Proof  bars,  except  for  boring  tests,  should  be  hardened 
and  accurately  ground.  The  tapers  should  fit  the  spindle 
holes  properly,  and  the  straight  portions,  while  not  necessarily 
of  any  exact  dimension,  should  not  vary  over  0.0001"  in 
diameter  along  the  entire  lengths.  The  bars  should  be  in- 
spected periodically  by  testing  on  centers  with  an  indicator. 
See  p.  12l0.  The  proof  spindles  should  be  made  with  an 
extension  on  the  rear  end  to  counterbalance  the  weight  of  the 
test  end  which  extends  over  the  ways. 

INSPECTION  OF  AN  ENGINE  LATHE 

4.  Requirements  for  engine  lathe  accuracy. — To  produce 
accurate  work  a  lathe  should  comply  with  the  following 
requirements: 

I.  All  parts  of  the  mechanism  should  run  smoothly  and 
accurately. 

II.  Parts  that  travel  on  the  bed  must  move  parallel  to  the 
ways, 

III.  The  spindle  axis  should  be  parallel  to  the  ways  for 
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turning  work  on  centers,  holding  work  in  chuck  or  on  faco 
plate. 

IV.  A  line  from  live  center  to  dead  center  should  be  parallel 
to  the  ways,  and  be  a  continuation  of  the  center  line  of  the 
spindle. 

V.  The  carriage  slide  and  compound  rest  should  be  at  right 
angles  to  the  ways  and  axis  of  spindle. 

VI.  The  adjusting  screws  to  set  over  the  footstock  (tail- 
stock)  should  be  fitted  free  enough  to  be  operated  with  the 
thumb  and  finger. 

VII.  The  centers  should  be  true,  and  the  dead  center 
hardened,  tempered  and  ground. 

6.  Testing  a  lathe  dtiring  assembly.  —  The  bed  is  carefully 
leveled  and  kept  so  during  assembly  and  inspection.  This 
will  insure  proper  alinement  of  the  ways  and  prevent  dis- 
tortion. 

To  level  a  lathe,  an  accurate  machinists'  level  is  set  across 
lathe  on  top  of  ways  at  each  end,  to  test  the  wind  of  the  bed. 
The  level  is  then  placed  parallel  to  ways  to  level  lengthwise. 
To  support  the  level,  V  blocks  which  fit  the  ways  of  the  lathe 
are  sometimes  used.  If  the  lathe  is  long,  tests  are  made  at 
several  intermediate  points.  Small  lathes  are  usually  bolted 
to  the  floor;  large  lathes  may  or  may  not  be.  When  bolting 
a  lathe  to  the  floor,  care  should  be  tiaken  not  to  distort  or  warp 
the  bed.    See  Engine  Lathes,  p.  lOl. 

6.  To  aline  lathe  carriage.  —  After  scraping  the  loose 
metal  from  both  the  inner  and  outer  ways  of  the  bed,  the  car- 
riage is  scraped  to  a  bearing  with  the  outside  ways.  See 
Scraping,  Principles  of  Machine  Work.  The  outside  ways 
are  scraped  to  give  accurate  bearing  and  alinement,  using  the 
carriage  as  a  standard  or  templet.  The  carriage  V  ways  are 
then  rescraped  to  give  bearing  surfaces  at  the  ends  of  the  V 
ways  only,  after  which  the  carriage  is  tested  to  see  if  the  center 
line  of  the  cross  slide,  or  compound-rest  base,  is  at  right  angles 
to  the  ways. 

To  test  carriage,  set  special  jig  A,  Fig.  1,  on  the  ways. 
Clamp  dial  test  indicator  B  to  the  slide-rest  base  C  with  point 
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D  of  indicator  touching  the  jig  surface.  Move  indicator  back 
and  forth  across  the  carriage  on  the  slide-rest  base,  and  note 
any  variation  in  reading  of  indicator.  Make  corrections  by 
scraping  V  ways  in  the  carriage. 


Iff  ATS  ^P***"^ 

Fia.  1.  —  Tebtinq  Aunbment  op  Carriage  with  the  Wats. 

It  is  well  to  make  this  test  at  two  or  three  points  along  the 
lathe  bed,  and  if  there  is  any  distortion  in  the  bed,  corrections 
may  be  made  when  alining  the  carriage. 

To  insure  that  the  lathe  will  face  slightly  concave,  the  ends 
of  the  carriage  V  ways  are  scraped  so  that  the  carriage  will  be 
about  0.0005"  out  of  alinement  toward  the  back  of  lathe. 

InformaHon. — The  dovetail  is  scraped  to  a  straight  edge.  The 
slide  or  compound-rest  base,  to  which  the  indicator  is  attached,  is 
scraped  to  a  bearing  with  the  dovetail. 

7.  The  cricket  or  footstock  base  is  first  scraped  to  a  good 
bearing  with  the  ways.  The  ways  are  next  scraped  using  the 
cricket  as  a  standard  or  templet.  The  cricket  V  ways  are 
then  scraped  to  give  a  bearing  at  the  ends  only.  The  flat 
surfaces  of  cricket  and  footstock  are  scraped  to  a  standard 
surface  plate  after  which  they  are  scraped  together  to  insure 
a  true  bearing. 

8.  To  aline  lathe  spindle  with  ways.  —  The  spindle  is 
fitted  to  its  bearings  by  scraping,  and  the  headstock  V  ways 
are  scraped  to  a  bearing  with  the  inside  ways  of  the  bed.  See 
To  Make  Small  Lathe  Spindle,  p.  622. 
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To  test,  place  proof  or  dummy  spindle  A,  Fig.  2,  on  head- 
stock  bearings  B,  B'.  The  proof  spindle  consists  of  a  bar  a 
portion  of  which  is  ground  to  fit  spindle  bearings.  The  test 
part  has  enlarged  portions  C  and  C  at  each  end,  8''  to  18'' 
apart,  which  are  accurately  groimd  to  the  same  diameter. 
Take  readings  with  indicator  D  on  top  of  bar,  as  at  D  and  D'. 
A  difference  in  the  two  readings  not  exceeding  0.00025''  is 
permissible. 


m4) 
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Fia.  2.  —  Testinq  AuNEifENT  OP  Spindia  with  the  Wats. 

Correct  errors  by  scraping  the  V  ways  in  the  headstock. 
Make  additional  tests  at  the  side  of  bar,  as  shown  in  detail 
atS. 

To  insure  that  the  lathe  will  bore  slightly  larger  at  the  outer 
end  of  hole,  the  V  ways  in  headstock  are  scraped  to  throw  the 
outer  end  of  proof  spindle  out  of  alinement  0.0005"  toward 
the  back  of  lathe. 

Information.  —  For  some  types  of  indicators,  it  is  more  oonvenient 
to  take  readings  on  the  under  side  of  spindle  than  on  the  top. 

9.  Inspection  of  lathe  after  assembly.  —  Level  machine 
carefully.  Test  live  and  dead  centers  in  their  respective 
spindles  by  the  use  of  artists'  blue,  to  determine  bearings* 
Oil  and  adjust  all  bearings;  put  on  belts  and  allow  lathe  to 
run  for  a  short  time.  The  mechanism  should  operate  without 
excessive  vibration,  and  speed  and  feed  changes  be  easily  made. 
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10.  To  test  accuracy  of  taper  hole  in  lathe  spindle. — 
Insert  proof  bar  Aj  Fig.  3,  in  taper  hole  in  headstock  spindle; 
revolve,  and  test  at  spindle  end  with  indicator  B  held  in  tool 
post,  as  at  C. 

An  error  of  0.0005''  is  permissible.  Move  carriage  along 
lathe  bed  and  test  proof  bar  at  outer  end,  as  at  C.  The  error 
at  outer  end  should  not  exceed  0.0015".  If  greater  errors 
exist,  the  spindle  hole  may  be  reamed  to  alinement  or,  in 
extreme  cases,  rebored. 


HtAC^STOClf 


FiQ.  3.  —  Testinq  Accubact  of  Tapeb  Holb  in  Lathb  Spindlb. 

11.  Testing  alinement  of  lathe  centers.  —  DupHcate  plugs 
are  inserted  in  the  taper  holes  in  the  headstock  and  footstock 
spindles.  These  plugs  have  short,  duplicate,  and  accurately 
ground  gaging  ends.  The  footstock,  with  the  spindle  run 
back,  is  moved  toward  headstock  so  that  the  plugs  nearly 
touch.  The  distances  of  the  plugs  above  the  ways  are  then 
measured  with  an  indicator.-  The  dead  center  should  not  be 
over  0.0015"  higher  than  the  Uve  center  to  allow  for  rigid 
clamping  and  wear  in  the  V  ways.  Errors  may  be  corrected 
by  scraping  the  headstock  or  ciicket.  As  the  headstock  and 
complete  footstock  are  bored  and  planed  together  in  jigs,  very 
Uttle  correction  is  usually  necessary. 

The  footstock  may  now  be  set  in  alinement  by  testing  the 
plugs  at  the  side  and  making  zero  lines  on  footstock  and  cricket. 
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AUentum.  —  Alinement  of  C5enters  may  also  be  tested  by  mountiBg  a 
long  proof  bar  on  centers  and  testing  with  an  indicator.  See  To  Set 
Dead  Center  in  Alinement  to  Turn  Straight,  p.  Il6. 

Information,  —  Before  the  plug  is  removed  from  the  footstock,  the 
spindle  is  extended  and  the  plug  again  measured  to  test  the  accuracy 
oif  the  footstock  spindle  alinement. 

12.  To  make  lathe  boring  test.  —  Insert  proof  bar  A,  Fig. 
4,  with  taper  shank  in  the  spindle  hole.  Take  trial  cuts  on 
the  enlarged  portion  at  each  end  of  the  bar  with  the  same  tool 


Fia.  4.  —  Mbasuking  Proof  Bar  for  Boring  Test. 

setting.  Measure  these  diameters  with  micrometer  calipers 
B,  as  at  C  and  C.  A  difference  in  diameters  of  0.00025"  in 
eight  inches  is  permissible,  but  preferably  with  the  outer  end 
of  bar  the  larger  so  that  when  the  lathe  is  used  for  boring,  the 
outer  end  of  the  hole  will  be  slightly  larger. 

Information.  —  Another  boring  test  may  be  made  by  holding  a  hol- 
low piece  in  a  chuck,  taking  several  boring  cuts,  and  measuring  the 
diameter  of  the  hole  with  inside  micrometers. 

13.  To  make  lathe  facing  test.  —  Screw  face  plate  A,  Fig. 
5,  on  spindle  and  take  two  facing  cuts,  one  inward  and  one 
outward.  Test  face  plate  with  straight  edge  B  and  three 
pieces  of  0.001"  tissue  paper,  C,  C,  C.    The  surface  should  be 
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either  flat  or  not  over  0.0005"  concave.     The  face  should 


never  be  convex. 
V  ways. 


Correct  any  errors  by  scraping  the  carriage 


Fig.  6.  —  Tbsting  Face  Plate  for  Facing  Test. 

14.  Special  lafhe  tests.  —  When  lathes  are  to  be  used  for 
special  purposes,  or  when  extreme  accuracy  is  desired,  the 
lead  screws,  gearing,  etc.,  are  given  indicator  and  operation 
tests  to  determine  their  accuracy.  See  Lead  Screw  Testing 
Machine,  p.  1429. 

INSPECTION  OF  A  VERTICAL  DRILLING  MACHINE, 
DRILL  PRESS  OR  UPRIGHT  DRILL 

16.  Setting  up  drilling  machine  for  inspection  or  operation. 

—  The  machine  is  leveled  by  setting  the  face  of  the  colunm 
plumb.  It  is  tested  with  a  machinists'  level  held  vertically 
against  the  face  of  column.  All  drilling  machines  should  be 
bolted  to  floor  to  prevent  vibration.  See  Drilling,  Principles 
of  Mdchine  Work. 

The  principal  tests  are  made  to  find  out  if  the  drilling  table 
and  base  are  at  right  angles  to  the  spindle,  and  to  determine 
the  accuracy  of  rotation  of  the  spindle  hole. 
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16.  To  test  accuracy  of  table  of  drilling  machine.  —  Insert 
special  taper  plug  A,  Fig.  6,  in  spindle  hole.  The  lower  end 
is  made  to  hold  rod  B  which  has  indicator  C  at  outer  end. 
Place  small  parallel  block  D  on  table,  lower  spindle,  so  that 
indicator  point  touches  block,  and  take  reading.  Test  the 
table  at  several  points  by  rotating  spindle  by  hand  and  use 
the  parallel  block  to  span  the  table  slots.  The  front  of  the 
table  should  be  about  0.003''  high  to  allow  for  pressure  of  cut 
and  sag  of  table.  Correct  alinement  of  table  by  scraping  the 
face  of  column  end  of  arm  until  table  is  in  proper  alinement. 


Fig.  6.  —  Testing  Accubact  op 
Drilling  MAcmNs  Table. 


Fig.  7.  —  Testing  Accubact  of 
Tafeb  Hole  in  Dbill  Sfindle. 


17.  To  test  accuracy  of  drilling  machine  spindle  hole.  — 
Insert  proof  bar  A,  Fig.  7,  in  spindle;  revolve,  and  test  with 
indicator  B.  Make  tests  at  spindle  end  and  at  lower  end  of 
bar.  For  ordinary  work,  the  proof  bar  may  run  out  0.00025" 
at  the  spindle  end  while  the  lower  end  may  be  0.00075"  out 
of  alinement.  Make  corrections  by  scraping  the  face  of  flange 
when  the  column  is  bolted  to  the  base,  and  by  scraping  the 
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inside  surface  of  column  socket  when  it  is  clamped  in  the 
socket. 

Information.  —  The  base  may  be  given  tests  for  alinement  similar 
to  the  table  tests. 

INSPECTION  OF  A  PLAIN  OR  UNIVERSAL  MILLING 
MACHINE 

18.  To  test  a  milling  machine.  —  The  spindle,  colunm  face, 
and  knee  are  made  to  fit  and  aline  within  certain  limits  by 
careful  machining  and  scraping;  they  are  usually  given  their 
final  inspection  during  scraping  and  assembly  to  eliminate  the 
necessity  of  testing  again  when  the  machine  is  fully  assembled. 

19.  Setting  up  a  milling  machine  for  inspection  or  opera- 
tion. —  To  set  up,  an  accurate  machinists'  level  is  held  verti- 
cally against  face  of  column 
to  see  if  it  is  plumb.  The 
column  should  also  be  test- 
ed with  the  level  held 
against  edge  of  column. 
Milling  machines  should 
be  bolted  to  the  floor  to 
prevent  vibration.  See 
Milling  Machines,  p.  lOoi. 

20.  To  test  alinement  of 
spindle  axis  with  the  face 
of  the  machine  column.  — 
Remove  knee  to  leave  face 
of  column  free  for  testing. 
Insert  special  plug  A,  with 
indicator  B  attached,  Fig. 
8,  in  spindle  hole.  Place 
parallel  C  in  a  vertical 
position  against  the  face  of 
column,  as  in  figure.  Ro- 
tate spindle  by  hand  until 

measuring  point  of  indicator  touches  front  surface  of  parallel. 

Take  readings  at  D  and  E.    Assuming  the  distance  between 


Fia.  8.  —  Testinq  Alinement  op 
SFiin>LB  WTFH  Face  op  Column. 
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D  and  £  to  be  three  feet,  the  reading  at  D  may  be  from  0.004'' 
less  to  0.002"  more  than  the  reading  at  E. 

Then  place  parallel  in  a  horizontal  position,  as  shown  at  C 
and  take  readings  at  D'  and  E\  The  reading  at  D'  may  be 
0.002"  less  than  E'  but  not  greater.  Correct  errors  in  both 
cases  by  scraping  the  spindle  bearings. 

21.  To  test  alinement  of  milling  machine  knee  with  the 
face  of  column.  —  With  table  and  saddle  removed,  as  in  Fig. 
9,  place  square  or  angle  plate  A  on  knee  B.  Hold  indicator 
C,  attached  to  stand,  against  face  D  of  column  so  that  the 
measuring  point  touches  face  of  square.  Make  tests  at  top 
and  bottom  of  square,  as  at  J?  and  E\  The  reading  at  E  may 
be  0.001"  greater  than  the  reading  at  £'  in  a  distance  of  18", 


INOlCATOn 


Fio.  9,  —  Tmunq  Aunembnt  op  Kneb  with  Face  op  Column. 

to  allow  for  pressure  of  cut  and  sag  of  knee.  Correct  errors  by 
scraping  face  of  knee  which  bears  on  face  of  column.  Make 
similar  tests  between  edge  of  column  and  top  of  knee,  and 
between  side  of  knee  and  face  of  column.  Small  errors  which 
will  offset  the  cutting  strains  of  the  machine  are  permissible. 
22.  To  test  accuracy  of  rotation  of  spindle  hole.  —  Insert 
proof  bar  A,  Fig.  10,  in  spindle  hole.  Place  mdicator  B, 
attached  to  stand  C,  on  top  of  knee  D  so  that  measuring  point 
touches  top  of  proof  bar.  Rotate  proof  bar  and  take  readings 
at  spindle  end,  as  at  E,  and  at  outer  end  as  at  E\ 
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An  eccentricity,  not  to  exceed  0.0005"  at  the  spindle  end, 
and  0.001''  at  twelve  inches  from  spindle  end  is  permissible. 
If  larger  errors  exist,  the  spindle  hole  may  be  reamed  to  aline- 
ment,  or,  in  extreme  cases,  rebored. 


Fia.  10.  —  TBBTiNa  Accxjra.cy  op  Tapeb  Hole  in  Milling 
Machine  Spindle. 


23.  To  test  alinement  of  milling  machine  table.  —  Place 

special  proof  bar  A,  Fig.  11,  in  spindle  hole.  Set  indicator 
Bf  attached  to  stand  C,  on  table  D  so  that  measuring  point 
bears  on  top  of  proof  bar.  Rmi  the  table  in  and  out,  and  take 
readings  at  E  and  E'.  The  height  at  E  may  be  0.001"  less 
than  the  height  at  E',  but  not  greater.  Make  corrections  by 
scraping  top  of  saddle. 

24.  To  test  accuracy  of  table  with  knee.  —  Move  table  A, 
Fig.  12,  inward  on  knee  B  far  enough  to  give  sufficient  bearing 
on  top  of  knee  for  indicator  stand  C.  Set  indicator  D  so  that 
measuring  point  rests  on  block  E  which  is  used  to  span  the 
table  slots.  Take  a  reading  at  F;  then  move  indicator  to 
position  F'  and  take  another  reading.  There  should  not  be 
over  0.00025"  diflFerence  in  the  two  readings.    Correct  errors 
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by  scraping  top  of  saddle.    If  desired,  the  table  may  be  moved 
along  in  the  direction  of  travel  and  other  readings  taken. 


Fig.  11.  —  Testing  Aunebient  of  Table  with  Spindle. 


Fig.  12.  —  Testing  Aunement  of  Table  with  Knee. 

26.  To  test  alinement  of  overhanging  arm.  —  Move  arm 
A,  Fig.  13,  to  its  working  position.  Raise  knee  B  until 
special  micrometer  gage  C,  which  rests  on  stand  D  on  table  E, 
touches  lower  surface  of  arm.    Take  a  reading  at  outer  end 
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of  arm,  as  at  F.    Move  table  back,  and  gage  over,  and  take 
another  reading,  as  at  F'. 

The  reading  at  F  should  not  differ  more  than  0.001"  from 
the  reading  at  F\    Correct  errors  by  scraping  arm  bearings. 


FiQ.  13.  —  Tbstinq  Alinememt  of  Abm  wtth  Top  of  Tabia. 

26.  Additional  inspection  tests.  —  The  dividing  head,  vises, 
and  other  attachments  and  fixtures,  also  the  gearing,  feed 
screws,  table  slots,  etc.,  are  usually  given  some  form  of  in- 
spection. 

INSPECTION  OF  A  VERTICAL  MILLING  MACHINE 

27.  The  principal  tests  applied  to  a  vertical  milling  machine 

are  similar  to  those  made  on  a  plain  or  universal  machine. 
Surfaces  which  must  be  parallel  to  the  spindle  axis  in  the  plain 
or  universal  machine  are  perpendicular  to  that  axis  in  the 
vertical  machine,  and  vice  versa.  These  machines  are  also 
usually  inspected  during  scraping  and  assembly  to  see  that 
the  spindle  knee  and  column  fit  and  aline  properly. 

AUenHon.  —  Before  inspection  or  assembly,  the  machine  should  be 
properly  set  up  by  making  face  of  colunm  vertical,  see  Vertical  MiSixig 
Machine,  p.  1043. 
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28.  To  test  knee  for  alinement  with  spindle.  —  Place 
accurate  parallel  A,  Fig.  14,  on  knee  B,  parallel  to  and  near 
face  of  column. 

Insert  special  plug  C  with  radius  arm  and  indicator  D  at- 
tached, in  spindle  hole.  Raise  knee  until  measuring  point  of 
indicator  touches  block  E  on  parallel.  Take  a  reading  at  F. 
Turn  spindle  and  take  another  reading  at  other  end  of  parallel. 
Move  the  parallel  to  front  of  knee  and  take  similar  readings. 


FiQ.  14.  —  Testing  Aunibment  of  Knee  wtth  Spindle. 

This  will  give  four  test  points,  as  shown  in  detail  at  Cr.  The 
front  of  the  knee  may  be  0.002''  high  to  allow  for  pressure  of 
cut  and  sag  when  saddle  and  table  are  mounted.  Correct 
errors  by  scraping  the  face  of  the  knee. 

Information.  —  The  spindle  bearing  holes  are  bored  in  a  jig  after 
planing  but  before  scraping  face  of  column.  The  holes  are  usually 
alined  accurately  enough  for  ordinary  work.  A  few  machines,  how- 
ever, selected  at  random,  may  be  tested  to  check  the  quality  of  pro- 
duction. 

29.  To  test  alinement  of  table  with  spindle  at  different 
positions.  —  Mount  saddle  and  table  in  position  and  connect 
the  various  screws,  gears,  and  attachments.    Insert  special 
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plug  A,  Fig.  15,  with  indicator  B  attached,  in  hole  of  spindle 
C  Place  accurate  square  D,  with  blade  vertical,  on  table  E 
80  that  measuring  point  of  indicator  touches  edge  of  square. 
Lower  spindle  to  its  extreme  position  and  take  a  reading  at  P. 
Then  raise  spindle  and  take  another  reading  at  F'.  Place 
square  at  90^  from  first  position  and  take  similar  readings. 
An  error  not  to  exceed  0.001"  in  24"  at  tlfe  top  in  either  direc- 
tion is  permissible.  Should  greater  errors  exist,  rescrape 
spindle  bearings  or  install  a  new  spindle  equipment. 


Fig.  15.  —  TasTiNa  Aunement  of  Tabia  wtth  Sfindia. 

The  table  is  also  tested  for  alinement  with  the  spindle  by 
the  same  process  used  for  testing  the  knee.    See  p.  14l5. 

INSPECTION  OF  A  PLANER 

30.  To  determine  the  accuracy  of  a  planer.  —  Since  planing 
is  the  basis  of  the  accurate  alinement  of  many  machines  it  is 
necessary  that  the  component  parts  of  a  planer  aline  and 
operate  properly.  Careful  tests  must  be  made  during  and 
after  assembly. 

Before  inspection  or  assembly,  the  bed  should  be  carefully 
leveled  to  prevent  distortion.  It  may  or  may  not  be  bolted 
to  the  floor;  but  if  bolted  to  the  floor,  care  should  be  taken 
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not  to  distort  it  by  excessively  tightening  the  floor  bolts. 
See  Planers,  p.  90L 

31.  To  level  planer  bed.  —  When  the  surfaces  of  V  ways  are 
not  finished  true  with  the  face,  accurate  rollers  or  V  blocks 
should  be  used  to  support  the  parallels  and  level. 


Fig.  16.  —  Lbvelinq  Planer  Bed  Before  Assemblt. 

To  level  bed  A,  Fig.  16,  set  level  B  crosswise  on  rollers 
C,  C  which  rest  in  V  ways  D,  D'  at  center  of  bed;  then  test 
the  bed  lengthwise  by  placing  level  E  lengthwise  on  parallels 
F  and  F',  as  shown.  Correct  errors  in  both  tests  by  placing 
shims  under  the  legs.  Repeat  these  operations  at  intervals 
of  from  2'  to  4'  along  the  bed  in  both  directions  from  the 
center,  depending  upon  the  size  of  the  planer. 

The  bed  may  again  be  leveled  after  housings  and  top  rail 
are  in  place,  to  correct  any  distortion  of  the  bed  due  to  the 
weight  of  added  parts. 
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32.  To  test  planer  housings.  —  The  fronts  of  the  housings 
must  be  parallel  to  each  other  and  perpendicular  to  the  ways 
of  the  bed  for  the  planer  to  produce  accurate  work. 

The  sides  of  housings  or  cross^rail  guides  must  also  be  paral- 
lel to  each  other  and  perpendicular  to  the  planer  ways,  so 
that  the  cross  rail  may  be  raised  or  lowered  parallel  to  the 
table,  or  ways,  and  at  the  same  time  have  no  lateral  motion. 

To  test  front  of  housings,  hold  level  square  A,  Fig.  17, 
against  the  broad  face  of  housing  B  and  note  the  position  of 
the  bubble  in  the  level;  then  move  level  square  over  to  housing 


FiQ.  17.  —  Testing  Plajter  Housings  with  Level  Square. 

B'  and  hold,  as  at  il'.  Correct  errors  by  scraping  or  planing 
the  base  of  the  housings.  The  level  square  may  be  placed 
lengthwise  on  the  ways  and  the  position  of  the  bubble  noted, 
since  the  location  of  the  bubble  when  level  square  is  held 
against  housing  should  coincide  with  the  position  when  on 
ways. 
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To  test  sides  of  housings  or  cross-rail  guides,  place  parallel 
Ay  Fig.  18,  across  bed  on  rollers  B,  B\  Set  accurate  square 
C  on  parallel  with  blade  near  side  of  housing  D.  Mount  in- 
dicating fixture  E  on  housing  D  and  guide  it  by  edge  F. 
Adjust  square  so  that  the  blade  will  touch  measuring  point  of 


Fig.  18.  —  Testing  Alinement  op  Cross-Rail  Guide  to  Bed. 

indicator.  Move  the  fixture  up  and  down  and  take  readings 
at  G  and  G\  A  diflference  in  the  readings  not  to  exceed 
0.0015"  in  36",  is  permissible.  Repeat  the  operation  on  the 
other  housing.  Make  corrections  by  scraping  or  planing  the 
base  of  housing. 

Information, — The  indicating  fixture  is  designed  to  bear  on  the 
cross-rail  guide.  Some  planers  have  this  surface  on  the  inside  of  the 
housings  and  others  on  the  outside. 

Attention,  —  This  method  is  frequently  used  to  test  the  front  faces 
of  the  housings  instead  of  the  level  square  method. 
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33.  Leveling  planer  table.  —  The  table  is  first  scraped  to 
a  bearing  with  the  V  ways  of  bed,  and  the  V  ways  of  bed 
scraped  to  a  finish  bearing  using  the  table  as  a  standard  or 
templet.  They  should  again  be  leveled  to  correct  distortion 
due  to  the  additional  weight.    The  table  is  run  backward  and 


Fia.  19.  —  Testing  Cross  Rah.  to  see  ip  Parallel  with  Table. 

forward  as  far  as  possible  and  the  ways  tested.  As  a  further 
test,  the  table  may  be  run  back  and  a  level  placed  across  it  at 
the  front  end.  The  table  is  then  run  forward  slowly  and  any 
change  in  the  position  of  the  bubble  noted.  The  operation  is 
repeated  with  the  level  at  the  other  end  of  the  table.  Errors 
are  corrected  by  placing  shims  under  the  legs  or  base  of  bed. 
A  final  leveling  test  should  be  given  with  the  table  in  the 
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middle  of  tiie  bed.  A  parallel  or  straight  edge  is  placed 
lengthwise  on  the  table  supported  by  three  accurate  blocks, 
with  tissue  paper  between  the  straight  edge  and  the  blocks, 
to  determine  the  bearing.  Any  difference  in  the  bearing  on 
the  blocks,  or  difference  in  the  number  of  thicknesses  of  the 
tissue  paper,  will  show  that  the  table  is  curved,  due  to  the  ways 
not  being  level.  Errors  are  corrected  by  adjusting  the  shims 
under  the  base  of  bed.  For  long  planers,  this  test  may  also 
be  made  with  table  alternately  at  both  ends  of  bed  as  well  as 
in  center. 

34.  To  test  cross  rail.  —  The  cross  rail  after  being  scraped 
to  a  bearing  is  set  in  position  and  clamped  to  the  housings. 
The  elevating  screws  and  bevel  gears  are  the^  attached.  The 
cross  rail  is  adjusted  and  tested  to  see  if  it  is  parallel  to  table 
so  that  the  planer  will  produce  parallel  work. 

To  test,  set  indicator  A,  Fig.  19,  fastened  to  stand  B,  on 
Table  C  so  that  measuring  point  touches  top  surface  of  cross 
rail  £>.  Make  tests  near  each  end  of  the  cross  rail,  as  at  £? 
and  E'.  The  difference  in  the  readings  should  not  exceed 
0.00025''.  Correct  errors  by  changing  the  position  of  one 
bevel  gear  on  shaft  and  adjusting  the  elevating  screw.  As  a 
final  test,  take  a  light  cut  across  the  planer  top  after  cross  rail 
has  been  adjusted. 

Infomuaion.  —  When  adjusting  cross  rail  the  final  movement  should 
be  upward,  to  remove  the  backlash  of  the  side  screws.  See  To  Set 
Planer  in  Alinement,  p.  909. 

INSPECTION  OF  THREADS 

36.  Introduction.  —  All  threads  should  first  be  given  a 
visual  inspection  for  smoothness. 

Taps  and  thread  gages  must  have  smooth  threads.  It  is 
also  desirable  that  screw  threads  for  general  machine  work  be 
smooth.  Screw  threads  that  are  slightly  rough  may  be  ac- 
cepted for  coarse  and  rough  work. 

The  pitch  diameter,  and  outside  and  inside  diameters  are 
the  elements  usually  inspected  with  gages,  but  for  accurate 
work  the  lead  is  also  inspected. 
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36.  Limit  gages  for  screws.  —  External  "  go  "  and  "  no- 
go  ''  thread  gages  are  made  circular  and  rectangular  in  form 
and  of  the  same  thickness  as  the  nut  which  is  to  fit  the  thread. 
They  may  be  solid  but  are  usually  split  for  adjustment  and 
supplied  with  locking  screws  that  are  set  and  sealed  with  wax 
to  detect  tampering.  See  Adjustable  Limit  Snap-Thread 
Gages,  p.  225. 

37.  Limit  gages  for  nuts  or  threaded  holes  are  similar  to 
double-ended  limit  plug  gages,  but  threaded.  The  "  go  " 
end  is  made  with  its  pitch  diameter  to  the  minimum  limit  and 
the  "  no-go  "  end  to  the  maximum  limit,  see  No.  30,  Chart,  p. 
13l2.    Two  separate  single-ended  gages  may  also  be  used. 

Attention,  —  In  addition  to  the  usual  limit  gages  for  threads,  plain 
ring  and  plug  gages  are  used  to  measure  the  diameter  at  the  tops  of  the 
threads  on  the  screw  and  in  the  nut. 

Information.  —  Ring  and  plug  thread  "go"  and  "no-go"  gages  not 
only  test  the  pitch  diameter  of  a  thread  but  also  check  the  lead. 

LIMITS  APPLIED  TO  THREADS 

38.  Lead  and  pitch  diameter  of  threaded  work.  —  Many 
times  when  the  outside  and  pitch  diameters  are  correct,  a 
screw  and  nut  will  not  fit  because  of  the  difference  in  the  lead 
of  the  threads.  For  rough  work  this  is  not  so  important,  but 
for  work  requiring  accuracy,  strength,  long  wear  and  inter- 
changeabiUty,  such  as  precision  screws,  lead  screws,  feed 
screws,  jack  screws,  cap  screws,  bolts  and  nuts,  it  should  be 
considered.  The  lead  of  the  average  tap  is  often  short,  owing 
to  the  use  of  steel  which  shrinks  excessively  when  hardened. 
The  lead  of  the  average  screw  is  often  long,  due  to  the  in- 
accuracies and  wear  of  the  thread-cutting  mechanism. 

See  Indicators  and  Testing  Machines  for  the  Precision 
Measurements  of  Thread  Leads,  p.  1427;  Thread  Micrometer, 
p.  12i4,  and  the  Wire  Systems  for  Precision  Measurements  of 
Pitch  Diameters  and  Angles  of  Threads,  p.  1431. 

39.  Evolution  of  a  threaded  fit  and  the  effect  of  errors  in 
lead.  —  When  a  nut  with  a  short  lead  is  turned  halfway  onto 
a  screw  with  a  long  lead,  as  in  Fig.  20,  it  may  fit  loosely  for 


Digitized  by  VjOOQIC 


EVOLUTION  OF  A  THREADED  FIT 


1423 


the  whole  length  of  engagement  as  at  A,  B,  and  C;  but  when 
the  nut  is  turned  three-quarters  of  the  way  onto  the  screw,  as 


Fia.  20.  —  Evolution  of  a  Threaded  Fit.    Half  Engagement. 
No  Interference. 


Fig.  21.  —  Evolution  of  a  Threaded  Fit.    Thbee-Quabteb 
Engagement.    Interference. 

in  Fig.  21,  it  may  bind  from  interference,  as  at  A  and  B,  and 
be  loose,  as  at  C,  due  to  the  differences  in  the  lead. 
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40,  Finger  fit  — Cutting  the  screw  to  fit  the  nut.  — To 

allow  the  nut  to  be  turned  onto  the  screw  for  full  engagement, 
the  pitch  diameter  of  the  screw  may  be  slightly  reduced  by 
taking  additional  cuts  or  by  adjusting  the  die  and  running  it 
on  again;  or,  the  hole  may  be  made  slightly  larger  by  an  ad- 
justable tap.  If  the  screw  or  nut  has  been  thus  corrected, 
the  nut  will  turn  all  the  way  on,  as  in  Fig.  22,  and  give  com- 
plete engagement;  the  screw  and  nut  will  fit  closely  at  the 
ends,  as  at  il  and  B,  but  have  no  contact  in  the  center,  as  at  C. 


Fig.  22.  —  Evolution  op  a  Threaded  Fit.    Full  Engaoement. 
Interference  Removed. 

41,  Wrench  fit  —  Forcing  a  threaded  fit.  —  Nuts  and 
screws  with  excessive  errors  in  lead  which  can  be  engaged  for 
two  or  three  threads  only  with  the  fingers,  are  often  forced 
with  a  wrench  to  a  full  engagement  since  the  pressure  will 
cause  the  threads  to  bend  or  flow.  While  such  a  fit  is  better 
than  a  loose  one,  if  excessive  force  is  necessary  to  screw  the 
parts  together  the  threads  may  be  weakened  and  abrasion  or 
stripping  of  the  threads  may  result. 

Warning,  —  When  a  nut  is  forced  onto  a  screw,  a  lubricant  should 
be  used  which  will  prevent  abrasion,  if  the  fit  is  not  excessively  tight. 
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Informatum.  —  Screws  with  the  excessive  errors  of  lead  when  used 
to  fasten  parts  together  in  this  manner,  are  liable  to  strip  the  threads 
of  the.  nut  as  there  are  not  enough  threads,  or  surface,  in  contact. 
Screws  for  transmitting  motion,  such  as  lead  screws,  when  fitted  in 
this  manner,  cause  excessive  wear  in  the  nut  and  soon  become  loose, 
due  to  the  few  threads  in  contact. 

42.  Clearance  at  top  and  bottom  of  threads.  —  To  obtain  a 
clearance  at  the  top  of  threads  between  the  nut  and  the  screw, 
the  outside  diameter  of  the  tap  is  made  slightly  larger  than  the 
nominal  size.  The  amount  of  oversize  will  vary  from  0.001" 
to  0.020"  depending  upon  the  diameter  of  the  screw  and  the 
pitch  of  the  thread.  The  clearance  at  bottom  of  thread  is 
obtained  by  using  a  tap  drill  slightly  larger  than  the  root 
diameter  of  the  tap  or  screw. 

43.  Relations  between  pitch  diameter  and  lead  of  threads, 
—  Errors  in  pitch  diameter  will,  to  a  certain  extent,  modify 
errors  in  lead  so  that  the  greater  the  difference  between  the 
actual  and  basic  pitch  diameters  the  greater  the  errors  in  lead 
may  be  and  apparently  give  a  fair  fit. 

Example  of  a  small  tap.  —  The  actual  pitch  diameter  of  a  i"  X 
20  U.  S.  S.  tap  by  measurement  is  found  to  be  0.2193".  The  error 
over  basic  pitch  diameter  (0.2175")  is  0.0018"  for  which  the  error  per 
inch  of  lead  for  the  tapped  hole  is  zfc  0.0040".  The  screw  with  this  error 
of  lead  would  be  0.0018"  imder  basic  or  have  an  actual  pitch  diameter 
of  0.2157". 

While  the  total  maximum  error  of  lead  may  be  0.0080"  per 
inch,  the  actual  error  per  fit  is  only  0.002"  which  is  per- 
missible for  ordinary  work. 

Example  of  a  large  tap,  —  The  actual  pitch  diameter  of  a  1"  X  8 
U.  S.  S.  tap  by  measurement  is  found  to  be  0.9228".  The  error  over 
basic  pitch  diameter  (0.9188")  is  0.0040"  for  which  the  error  per  inch 
of  lead  for  the  tapped  hole  is  zfc  0.0023".  The  screw  with  this  error  of 
lead  would  be  0.004"  under  basic  or  have  an  actual  pitch  diameter  of 
0.9148".  While  the  total  maximum  error  of  lead  may  be  0.0046"  per 
inch,  the  actual  error  per  inch  would  be  approximately  0.004"  which, 
though  larger,  would  be  permissible  for  certain  classes  of  work. 

Attention,  —  The  actual  pitch  diameter  of  tape  should  be  larger  than 
the  basic  pitch  diameter,  while  the  actual  pitch  diameter  of  screw 
threads  should  be  smaller  than  the  basic.    See  pp.  12 14, 1431. 


Digitized  by  VjOOQ IC 


1426  ADVANCED  MACHINE  WORK 

Information.  —  For  small  screws,  the  error  in  lead  per  inch  may  be 
relatively  large  since  the  actual  error  for  the  length  of  engagement  will 
be  only  a  fraction  of  the  lead  per  inch.  For  large  screws,  the  error  in 
lead  per  inch  should  be  relatively  smaller  since  the  actual  error  for  tlie 
length  of  engagement  will  be  a  multiple  of  the  lead  per  inch. 

44.  To  remedy  errors  in  the  lead  of  taps.  —  Steel  which 
changes  the  least  when  hardened  and  tempered  should  be  used 
in  making  taps.  The  thread  should  be  cut  in  machines  with 
precision  thread-cutting  mechanisms,  accurately  scraped 
ways,  correct  alinement,  and  accurate  threading  tools.  Errors 
in  lead  due  to  shrinkage  in  hardening  are  sometimes  com- 
pensated when  cutting  the  thread,  by  using  a  lead  screw 
variator. 

46.  To  remedy  errors  in  lead  of  screws  they  should  be  cut 
with  machines  having  accurate  screw-cutting  mechanisms  or 
with  accurate  dies. 

46.  Allowances  for  grinding  and  lapping  thread  gages.  — 
To  obtain  the  necessary  accuracy  and  smoothness,  thread 
gages  are  ground  in  special  machines  or  lapped  to  size  after 
hardening  and  tempering.  Gages  less  than  f  in  diameter 
are  usually  lapped  as  the  threads  are  too  small  to  grind 
accurately. 

Gages  which  are  only  lapped  are  made  with  an  allowance 
of  from  0.0002"  to  0.001"  oversize  in  pitch  diameter,  with 
thread  angle  from  10  to  20  minutes  small.  An  error  not  to 
exceed  0.0005"  in  lead  may  be  corrected  by  lapping.  See  p. 
1228. 

Allowances  for  grinding  are  from  0.005"  to  0.010"  oversize 
in  pitch  diameter  which  are  sufficient  to  correct  usual  errors 
in  lead.  The  gages  are  ground  to  within  the  usual  allowances 
for  lapping. 

47.  Expansion  and  shrinkage  from  hardening  and  temper- 
ing. —  Thread  gages  and  taps  may  expand  from  0.0005"  to 
0.020"  per  inch  of  diameter,  and  shrink  from  0.0005"  to 
0.020"  per  inch  of  length. 
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INDICATORS  AND  TESTING  MACHINES  FOR  THE   PRE- 
CISION MEASUREMENTS  OF  THREAD  LEADS 

48.  Thread  lead  indicator  Ay  Fig.  23,  is  used  for  the  ac- 
curate measurement  of  threads  of  taps  and  thread  gages.  It 
consists  of  fixed  measuring  point  B,  movable  measuring  point 
B\  needle  scale  C,  and  nurled  nuts  D  and  JD'  on  barrel  E. 


HV  i     k 


Fig.  23.  —  Testing  Lead  op  a  Tap  Fig.  24.  —  Master  Thread  Lead 
WITH  Thread  Lead  Indicator.  Gage. 


Fig.  25.  —  Testing  Lead  op  Thread  Ring  Gage  with  Thread 
Lead  Indicator. 

49.  To  test  the  lead  of  thread  of  a  tap,  Fig.  23.  —  Set  the 
points  B,  B'  to  the  desired  distance  apart  either  0.25",  0.50", 
or  1.00"  with  the  master  thread  lead  gage,  Fig.  24.  Adjust 
needle  of  indicator  at  zero  on  scale  C  by  nuts  D,  D'.  Hold 
measuring  points  B,  B'  accurately  in  the  thread  of  tap  and 
read  the  variation  of  the  actual  lead  on  scale  C  in  thousandths 
of  an  inch.  Half,  quarter,  and  tenths  of  thousandths  may  be 
readily  estimated. 
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For  precision  work  the  lead  of  a  tap  should  not  vary  over 
0.0002"  to  0.0005"  per  inch.  Taps,  however,  for  ordinary 
work  often  have  a  variation  of  0.0040". 

60.  To  test  the  lead  of  the  thread  in  a  ring  gage  with  lead 
indicator  A,  Fig.  25.  —  Hold  measuring  points  B,  B'  ac- 
curately in  threaded  work  C  and  take  reading  on  scale  D. 

Information,  —  Sometimes  it  is  more  convenient  to  hold  indicator 
on  a  stand  and  place  work  on  a  guide  block. 

61.  Lead  testing  machine  for  taps  and  thread  gages.  Fig.  26. 


Fia.  26.  —  Testing  Lead  op  Thread  Gage  wrra  Testing  Machine. 


SCHEDULE 

OF  PARTS 

A  —  Frame    with    three-point 

G — Dial  indicator. 

bearings. 

H  —  Micrometer  spindle. 

B  —  Ball-bearing  carriage. 

J  —  Dial  indicator  spindle. 

Supports  thread-measuring  point 

K  —  Graduated    micrometer 

and  thread-measuring  mechanism. 

gear  wheel  reading  to  0.00001". 

C  —  Thread-measuring    point. 

L  —  Coimter  for  revolutions  of 

D  — Sleeve   containing  spring 

K. 

plunger. 

M  —  Coimter  pinion. 

E  —  Plunger  nurled  handle. 

N  —  Zero  line. 

F  —  Micrometer  head. 

62.  To  test  lead  of  thread  plug  gage  with  lead  testing  ma- 
chine, Fig.  26.  —  Mount  thread  gage  on  centers  and  place 
measuring  point  C  in  thread  groove  by  raising  and  then  lower- 
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ing  handle  E.  Rotate  spindle  H  of  micrometer  head  F  by 
means  of  wheel  K  until  it  presses  dial  indicator  spindle  J  so 
that  dial  indicator  G  registers  at  zero.  Take  reading  on 
counter  L  and  at  zero  line  N,  Withdraw  point  C  and  "move 
it  one  or  more  threads  to  the  right.  Again  adjust  micrometer 
until  dial  indicator  G  registers  at  zero.  Take  reading  from 
counter  and  zero  line.  Compute  actual  thread  lead  from  two 
readings  and  compare  with  theoretical  or  calculated  lead. 

For  fine  tool  work  the  lead  of  thread  gages  should  not  vary 
more  than  0.0002"  per  inch. 

Important.  —  Drunken  threads  may  be  detected  by  turning  the 
gage,  or  tap,  quarter  or  half-way  around  and  testing  again. 

Attention,  —  The  actual  lead  per  inch  may  be  measured  by  using 
standard  gage  blocks  between  point  of  dial  indicator  and  micrometer 
spindle  instead  of  computing  from  the  lead  per  thread  and  the  number 
of  threads  per  inch. 

Information.  —  The  dial  indicator  is  not  generally  iLsed  for  measuring 
but  only  to  obtain  the  same  pressure  on  the  micrometer  points  each 
time.  It  may,  however,  be  used  to  give  the  exact  error  by  moving  the 
graduated  wheel  to  correspond  with  the  calculated  lead,  inserting  the 
measuring  point  in  the  thread  groove  and  then  taking  reading  on  the 
dial  indicator.    The  dial  indicator  is  graduated  to  read  to  0.0001 '^ 

63.  The  lead  screw  testing  machine,  Fig.  27,  is  used  prin- 
cipally to  test  the  accuracy  of  Acme  Standard  or  29°  thread 
lead  screws. 

•LIDINO  DIAL  AUXILIAKV 
CARRIAOe  IMDICATOR  CARRIAQC 
P  P  J 


Fig.  27.  —  Testing  Lead  op  a  Lead  Screw  wpth  Testing  MAcmNS. 

To  set,  place  lead  screw  A  in  lead  testing  machine  and  clamp 
securely  in  place  in  V  blocks  B  and  B'.  Insert  rod  C  between 
stop  D  on  V  block  B  and  stop  E  on  sliding  carriage  F.    Move 
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carriage  F  to  left  on  carrier  bars  G,  G'  until  it  touchy  rod, 
and  clamp  with  thumb  nut  H.  Move  auxiliary  carriage  J  in 
sliding  carriage  F  until  plunger  point  K  will  enter  a  thread 
groove.  Turn  graduated  wheel  L  of  micrometer  head  M 
until  micrometer  spindle  N  touches  plunger  of  dial  indicator  P 
and  the  dial  reads  at  zero.  Take  reading  on  graduated  wheel 
L.  This  wheel  may  be  read  to  0.0001".  Withdraw  plunger 
point  K  and  move  auxiliary  carriage  J  one  or  more  thread 
grooves  to  right  or  left  and  set  plunger  point  in  position.  Ad- 
just micrometer  again  until  dial  indicator  registers  at  zero 
and  take  reading  on  graduated  wheel  L.  Compute  the  dif- 
ference between  readings  and  compare  it  with  the  theoretical 
or  calculated  lead. 

If  the  lead  per  inch  or  per  foot  is  desired,  move  carriage  F 
to  left  end  of  machine  until  stops  D  and  E  touch.  Clamp  in 
position  and  take  reading.  Move  carriage  to  right  and  insert 
standard  combination  gage  blocks  between  stops  D  and  E. 
Clamp  in  position  and  take  second  reading.  These  blocks  may 
be  1",  3",  6",  12",  etc.,  depending  upon  the  distance  desired. 

For  precision  lead  screws,  the  lead  should  not  vary  over 
0.001"  per  foot.  In  lead  screws,  for  ordinary  purposes  such 
as  lathe  lead  screws,  a  variation  of  0.003"  to  0.005"  per  foot  is 
often  allowed. 

64.  Optical  principle  for  the  precision  measurement  of 
threads  makes  use  of  projected  and  reflected  rays  of  light  in 
connection  with  special  precision  machines. 

The  enlargement  of  errors  in  the  thread  obtained  by  the 
multiplying  effect  of  the  instrument  makes  extreme  accuracy 
possible. 

The  leads  of  threads  are  measured  with  machines  which 
have  extremely  accurate  micrometer  screws  and  heads,  and 
which  use  a  beam  of  reflected  light  as  an  indicator  for  deter- 
mining the  position  of  the  measuring  point  and  the  proper 
pressure  on  the  micrometer  spindle. 

The  forms  and  angles  of  threads  are  measured  by  the  pro- 
jected light  principle,  using  a  projection  machine  and  templets 
or  gages. 
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These  methods  while  used  chiefly  for  laboratory  and  re- 
search work  may  be  used  whenever  extreme  precision  is  de- 
sired. 

WIRE  SYSTEMS  FOR  PRECISION  MEASUREMENT  OF 
PITCH  DIAMETERS  AND  ANGLES  OF  THREADS 

66.  The  three-wire  system  is  used  for  the  accurate  deter- 
mination of  the  pitch  diameter  and  thread  angle  of  screw 
threads.  It  utilizes  a  series  of  groups  of  three  wires  of  the 
same  diameter,  and  a  micrometer  caUper,  or  similar  measuring 


MICROMtTEH  r  SCREW 

ANVIL H->^  J      THREAD 


Fig.  28.  —  Principle  op  Measurebosnt  by  the  Three-Wire  System. 

instrument,  as  shown  in  Fig.  28.  The  measurement  over  the 
wires  is  used  in  an  empirical  formula,  together  with  the  nomi- 
nal diameter  of  the  screw,  the  pitch  of  the  thread,  and  the 
diameter  of  the  measuring  wires. 


,0962        "o) 


,0962         o) 


JT         .0962         o) 


Fig.  29.  —  Specimen  Wires. 

The  measuring  wires,  Fig.  29,  are  hardened,  tempered,  and 
accurately  ground  and  lapped  to  size.  The  part  of  the  wires 
finished  for  measuring  is  about  3"  to  4"  long.    Wires  are  ob- 
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tainable  with  the  handle  or  grip  portion  made  in  different 
shapes. 

To  save  unnecessary  calculation,  tables  are  obtainable  which 
give  the  proper  sizes  of  wires  for  different  sizes  and  styles  of 
threads.     See  p.  1434. 

Holder  for  measuring  threads  with  three  wires.  —  To 
measure  work  conveniently,  a  holder  or  special  stand.  Fig.  30, 
may  be  used  which  consists  of  base  A  and  V  block  B.  Place 
thread  gage  C  in  V  block  B  and  secure  by  clamp  screw  D. 


THREAD 

^MCASURINQ 

WIRES 


Fia.  30.  —  Method  of  HoLoma  Wobk  and  Wibbs  whilb 
Measuring. 

Suspend  measuring  wires  by  fine  wires  or  strings  from  sup- 
ports E,  E'.  Take  measurement  over  wires  with  microm- 
eter F. 

Attention.  —  An  improvised  bolder  can  be  made  by  placing  worit  in 
a  vise  and  supporting  the  measuring  wires  with  strings  and  a  bent  wire 
held  in  the  vise,  or  by  holding  the  wires  in  position  by  means  of  rubber 
bands  placed  over  their  ends. 

Information,  —  While  measurements  made  at  one  point  are  usually 
sufficient,  additional  readings  may  be  taken  with  the  wires  in  a  different 
set  of  thread  grooves. 
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66.  Principle    of   measuring   the    pitch    diameter.  —  By 

trigonometiy  it  can  be  proved  that  the  measurement  over  the 
wires  Af ,  Fig.  28,  equals  D  —  KP  +  3  d  where  D  =  nominal 
screw  diameter,  K  a  constant,  P  =  pitch  of  thread  and  d  = 
diameter  of  pitch  wires  used.  Each  style  of  thread  has  its 
own  constant  and  wire  sizes. 

67.  Determination  of  pitch  diameter  of  a  IT*  S.  S.  outside 
thread  from  measurement  over  wires.  — 

Eocample.  —  To  find  correct  measurement  over  wires  and  pitch 
diameter  of  a  i"  X  10  U.  S.  S.  thread  gage. 

Formula.  — M  =  D-KP  +  Zd 
where  D  =  0.7500" 

K  =  1.5155 

P  = u     \^u     ^   =  i  =  01000" 

number  of  threads      10 

d  =  0.05773.    See  Table,  p.  1434. 

Solution.  —  ilf  =  0.7500  -  1.5155  X  0.1000  +  3  X  0.5773. 

=  0.77164". 

If  the  actual  pitch  diameter  is  correct  or,  in  other  words, 
equals  the  theoretical  or  basic  pitch  diameter,  the  measure- 
ment over  the  wire  should  be  0.77164".  Any  variation  in  the 
measurement  over  wires  from  the  theoretical  will  be  the  same 
as  the  difference  between  actual  and  theoretical  pitch  diam- 
eters. 

Information. — The  pitch  diameter  is  often  called  the  "angle"  or 
"effective"  diameter. 

68.  Table  of  Seaboldt  wires  for  measuring  IT.  S.  S.  threads. 

—  The  column  marked  "  Pitch  Wire  "  gives  sizes  of  wires  for 
measuring  pitch  diameters,  columns  marked  "  Large  Wire  " 
and  "  Small  Wire  "  give  wire  sizes  for  measuring  thread  angles. 
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Threads 

Pitch 

Larob 

Small 

Single 

Pitch 

Thbsaos 

PER  Inch. 

Wire. 

Wire. 

Wire. 

Depth. 

per  Inch. 

50 

.01154 

.01953 

.01076 

.01299 

.02000 

50 

48 

.01202 

.02000 

.01100 

.01353 

.02083 

48 

46 

.01254 

.02145 

.01147 

.01411 

.02173 

46 

44 

.01311 

.02195 

.01197 

.01476 

.02272 

44 

42 

.01374 

.02304 

.01254 

.01546 

.02380 

42 

40 

.01443 

.02425 

.01312 

.01623 

.02500 

40 

38 

.01519 

.02558 

.01379 

.01709 

.02631 

;    38 

36 

.01603 

.02706 

.01453 

.01804 

.02777 

'    36 

34 

.01698 

.02871 

.01535 

.01910 

.02941 

1    34 

32 

.01804 

.03067 

.01628 

.02029 

.03125 

32 

30 

.01924 

.03267 

.01733 

.02165 

.03333 

30 

28 

.02061 

.03608 

.01854 

.02312 

.03571 

28 

26 

.02220 

.03786 

.01993 

.02498 

.03846 

26 

24 

.02405 

.04109 

.02154 

.02706 

.04166 

24 

22 

.02624 

.04492 

.02346 

.02952 

.04545 

22 

20 

.02886 

.04951 

.02575 

.03247 

.05000 

20 

18 

.03207 

.05512 

.02856 

.03608 

.05555 

18 

16 

.03608 

.06214 

.03207 

.04059 

.06250 

16 

14 

.04123 

.07116 

.03738 

.04639 

.07142 

14 

13 

.04441 

.07672 

.03936 

.04996 

.07692 

13 

12 

.04811 

.08319 

.04259 

.05412 

.08333 

12 

11 

.05248 

.09085 

.04642 

.05904 

.09090 

11 

10 

.05773 

.10003 

.05101 

.06495 

.10000 

10 

9 

.06415 

.11126 

.05663 

.07216 

.11111 

9 

8 

.07216 

.12529 

.06364 

.08118 

.12500 

8 

7 

.08247 

.14333 

.07266 

.09278 

.14285 

7 

6 

.09622 

. 16739 

.08469 

.10825 

.16666 

6 

5i 

.10497 

.18270 

.09235 

.11809 

.18181 

5i 

6 

.11547 

.20107 

.10153 

.12990 

.20000 

5 

4i 

.12830 

.22352 

.11276 

.14433 

.22222 

4i 

4 

.14433 

.25159 

.12679. 

.16237 

.25000 

4 

3J 

.16495 

.28652 

.14426 

.18557 

.28571 

3i 

3 

. 19233 

.33578 

.16889 

.21650 

.33333 

3 

Attention.  —  Wires  of  any  size  may  be  used  that  will  rest  on  the  sidee 
of  the  thread  and  project  above  the  top.' 

69.  Principle  of  measuring  thread  angle.  —  By  trigonom- 

1                            AT  ~~  ifi 
etry  the  cosecant  of  ^  thread  angle  =  w^z ^»  ^^'  ^^' 

M  =  measurement  over  large  wires,  m  =  measurement  over 
small  wires,  W  =  diameter  of  large  wires  and  w  =  diameter 
of  small  wires. 

To  measure,  the  first  reading  is  taken  over  the  larger  wire 
with  micrometer,  as  in  Fig.  31.    The  second  reading  is  taken 
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over  the  smaller  wire  which  is  placed  m  the  same  groove  as  the 
larger  ones,  as  shown  by  dotted  lines,  Fig.  31. 


Fia.  31.  —  Three-Wire  Method  op  Measuring  Thread  Angle 
OF  U.  S.  S.  Thread. 


60.  Determination  of  thread  angle  of  a  IT.  S.  S.  outside 
thread  from  measurements  over  the  wires.  — 

Example,  — To  find  thread  angle  of  J"  X  10  U.  S.  S.  thread  gage. 

Formula.  —  Cosecant  of  -  angle  =  r=z 1.    See  Fig.  31. 

2  W  —  w 


By  measurementf  M  =  0.89854 
m  =  0.75148 


Difference,    M  -  m  =  0.14706 


by  table,  W 
W  -w  '- 


^0.10003 
0.05101 

0.04902 


Solution. 


M  —  m 
'W  -w 


-1 


0.14706 
"  0.04902 


-  1  =  3.000  -  1  =  2.0000. 


From  table  of  trigonometrical  functions  the  angle,  the 
cosecant  of  which  is  2.0000,  is  30®.  Therefore,  the  thread 
angle  is  60®. . 

Information.  —  The  thread  angle  in  common  practice,  does  not  vary 
more  than  one-half  a  degree  (i**)  above  or  below  normal.     The  usual 

IX   __    _, 

thread  angles  and  the  values  of  rp are  given  in  Table,  p.  1436. 
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61.  Table  of  common  variations  of  thread  ang^e  of  a  IT.  S.  S. 
thready  with  corresponding  quotients.  — 


Dbgbbes. 

Minutes. 

QUOTIBNTB. 

69 

30 

3.0162 

50 

40 

3.0101 

69 

50 

3.0050 

60 

3.0000 

60 

10 

2.9950 

60 

20 

2.9900 

60 

30 

2.9850 

62.  Three-wire  system  applied  to  other  threads.  —  The 
method  of  measuring  other  types  of  threads  is  the  same  as  for 
U.  S.  S.  threads.  The  formulas  and  their  values,  however, 
are  changed  for  the  difference  in  the  shapes  and  angles  of  the 
threads. 

63.  Determination  of  the  pitch  diameter  of  a  Whitworth 
outside  thread  from  measurement  over  wires.  — 

Example. — To  find  correct  measurement  over  wires  and  pitch 
diameter  of  a  1  J"  X  5  Whitworth  tap. 

Formula.—  M  ^  D  -  KP  +  3.16574 
where  D  =  1.2500" 

K^  1.6008 
P  =  i  =  0.2000" 
d  =  0.11273.    See  Table,  p.  1437. 
Sduium.  —   JIf  =  1.2500  -  1.6008  X  0.2000  +  3.1657  X  .11273 
=  1.28668". 

If  the  pitch  diameter  is  correct  the  measurement  over  wires 
should  be  1.28668''.  Any  variation  in  this  measurement  will 
be  the  same  as  the  variation  in  the  pitch  diameter. 

64.  Table  of  Seaboldt  wires  for  measuring  Whitworth 
threads*  — 
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Larob 

SlCALL 

Single 

Pitch. 

Threads 

pjDB  Inch. 

WlBE. 

WlRlD. 

WlBB. 

Depth. 

PER  Inch. 

40 

.01409 

.02031 

.01314 

.01600 

.02500 

40 

38 

.01483 

.02144 

.01380 

.01685 

.02631 

38 

36 

.01565 

.02268 

.01454 

.01777 

.02777 

36 

34 

.01657 

.02408 

.01537 

.01883 

.02941 

34 

32 

.01761 

.02564 

.01630 

.02001 

.03125 

32 

30 

.01878 

.02742 

.01735 

.02134 

.03333 

30 

28 

.02013 

.02943 

.01855 

.02286 

.03571 

28 

26 

.02168 

.03179 

.01994 

.02462 

.03846 

26 

24 

.02348 

.03453 

.02156 

.02668 

.04166 

24 

22 

.02562 

.03756 

.02348 

.02900 

.04545 

22 

20 

.02818 

.04163 

.02578 

.03201 

.05000 

20 

18 

.03131 

.04637 

.02859 

.03557 

.05555 

18 

16 

.03523 

.05229 

.03210 

.04002 

.06250 

16 

14 

.04026 

.05991 

.03661 

.04573 

.07142 

14 

12 

.04697 

.07006 

.04263 

.05336 

.08333 

12 

1 

.05124 

.07652 

.04647 

.05821 

.09090 

11 

3 

.05636 

.08426 

.05106 

.06403 

.10000 

10 

9 

.06263 

.09375 

.05668 

.07114 

.11111 

9 

8 

.07046 

.10559 

.06370 

.08004 

.12500 

8 

7 

.08052 

.12082 

.07273 

.09147 

.14285 

7 

6 

.09394 

.14113 

.08477 

.10671 

.16666 

6 

6J 

.10248 

.15405 

.09244 

.11642 

.18181 

5i 

5 

.11273 

.16955 

.10163 

.12806 

.20000 

5 

4J 

.12526 

.18850 

.11287 

.14229 

.22222 

4J 

4 

.14092 

.21219 

.12691 

.16008 

.25000 

4 

3i 
3i 

.16105 

.24265 

.14497 

.18295 

.28571 

3 

.17344 

.26139 

.15609 

.19702 

.30769 

3 

3 

.18789 

.28326 

.16905 

.21344 

.33333 

3 

2} 

.19606 

.29562 

.17638 

.22272 

.34782 

2 

2 

.20497 

.30910 

.18438 

.23284 

.36363 

2 

2f 

.21473 

.32387 

.19313 

.24393 

.38095 

2 

66.  Determination  of  thread  ang^e  of  a  Whitworth  outside 
thread  from  measurements  over  the  wires.  — 


Example.  —  To  find  thread  an|]^e  of  li"  X  5  Whitworth  tap. 

See  Fig.  32. 


Formula.  —  Cosecant  of  -  ande  =  rzz 1 

2  W  —  w 


By  measurement,      M  «  1.46658;    by  table  W  =  0.16955 

m  «  1.25157;  w  ^  0.10163 

Difference,        M  -m^  0.21501; 

M-m      .      0.21501 


Solution.- 


W  -w 


-1 


0.06792 


W  -w  0.06792. 
-  1  =  3.1656  -  1  «  2.1656. 
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From  table  of  trigonometrical  functions  the  angle,  the 
cosecant  of  which  is  2.1656,  is  2T  30'.  Therefore  the  thread 
angle  is  55^. 


._..C3 


1 i.- 


Fig.  32.  —  Three-Wire  Method  of  Meaburinq  Thread  Angls 
or  Whitworth  Thread. 

Information,  —  Common  variations  of  thread  angle  and  corresponding 
quotients  are  shown  in  Table,  Art.  66. 

Attention,  —  Both  measurements  should  be  taken  with  the  wires 
placed  in  the  same  thread  grooves,  as  shown  in  Fig.  32. 

66.  Table  of  common  variations  of  thread  angle  of  a  Whit- 
worfh  thread,  with  corresponding  quotients,  -r- 


Degress. 

Minutes. 

Quotients. 

54 

30 

3.1840 

54 

40 

3.1778 

54 

50 

3.1717 

55 

3.1667 

55 

10 

3.1596 

55 

20 

3.1536 

55 

30 

3.1477 

67.  One-  and  two-wire  systems  are  sometimes  used  to 
measure  the  pitch  diameter  of  threads,  but  not  so  commonly 
used  as  the  three-wire  system. 

68.  Dnmken  threads  are  not  detected  by  any  of  these  wire 
systems.  They  may  be  found  by  means  of  a  thread  microm- 
eter, p.  1214,  or  by  a  lead  testing  machine,  p.  1428. 
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HEAVY  DUTY  BORING  AND  TURNING 

69.  Heavy  duty  boring,  facing  and  turning.  —  Heavy  cast- 
ings and  forgings  may  be  bored,  faced,  and  turned  in  engine 
lathes.     See  Boring,  Boring  Bars,  and  Boring  Machines,  p.  6l0. 

Boring  and  facing  when  no  turning  is  required,  may  be  more 
rapidly  performed  in  a  horizontal  boring  machine.  When  the 
length  of  the  work  is  small  as  compared  with  the  diameter,  and 
more  especially  if  the  work  is  unusually  heavy,  it  may  be 
machined  in  a  vertical  boring  and  turning  mill. 


niLSLfJCH 

C 


Fig.  33.  —  Boring  a  Gear  Box  with  Horizontal  Boring 
Machine. 

70.  Horizontal  boring  machines  are  arranged  to  bore,  ream, 
counterbore,  and  mill  any  work  that  can  be  held  conveniently 
on  a  horizontal  table.  They  are  made  in  two  types,  —  one 
with  a  sliding  head  and  tailblock,  as  in  Fig.  33,  the  other,  with 
a  fixed  spindle  head  and  tailblock,  but  having  a  table  that  may 
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be  raised  and  lowered.    See  Horizontal  Boring  Machines, 
p.  6l6. 

71.  Horizontal  borinis  machine  with  sliding  spindle  head, 
described.    Fig.  33. 

SCHEDULE  OF  PARTS 


A  — Bed. 

S  —  Interlocking  feed  selecting 

B  —  Spindle  head. 

levers. 

C  — Tailblock. 

r  — Friction  clutch. 

D  —  Column. 

U  —  Spindle  hand  adjustment. 

E  -  Back  rast. 

with  micrometer  dial. 

F  — Saddle. 

V  —  Saddle  hand  adjustment, 

G  —  Table  or  platen.    Circular 

with  micrometer  dial. 

table  may  be  added. 

W  —  Table  hand  adjustment, 

^  — Work. 

with  micrometer  dial. 

J  —  Spindle-head  clamp. 

X  —  Back  rest  longitudinal  ad- 

K —  Back-rest  clamp. 

justment. 

L  —  Tailblock  clamp. 

Y  —  Feed    and    quick    return 

M  —  Saddle  clamp. 

lever. 

N  —  Slow   spindle    movement 

Z  —  Speed  change  levers. 

hand  wheel. 

1  —  Feed  change  levers. 

0  —  Quick  spindle  movement 

2  —  Adjustable     feed     safety 

hand  wheel. 

friction. 

P,  P'  —  Interlocking  back  gear 

3  —  Boring  bar. 

levers. 

4,  4'  —  Boring  bar  cutters. 

Q  —  Startling  and  stoppinglever. 

5  —  Boring  bar  cutter  and  key. 

R  —  Reversing  lever  for  feed 

and  quick  return. 

FiG.  34.  —  Boring  and  Millino  in  Horizontal  Boring  Machinb. 

72.  Boring  and  face  milling  at  one  setting  of  work  may  be 
performed  in  a  horizontal  boring  machine,  as  in  Fig.  34.    The 
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construction  of  the  spindle  permits  the  use  of  a  milling  cutter 
with  the  boring  bar. 

73.  Heavy  duty  vertical  boring  and  turning  mills.  —  These 
machines  are  especially  adapted  for  heavy  work  such  as  large 
fly  wheels,  pulleys,  engine  cylinders,  etc.  The  work  may  be 
held  on  the  table  by  chuck  jaws,  or  by  bolts,  clamps,  and  block- 
ing.   The  weight  of  the  work  assists  in  holding  it  in  place. 

The  two  tool  posts  permit  two  cutting  operations  at  once 
thus  effecting  a  saving  of  time.    These  machines  are  obtain- 


SWIVEL 

TOOL 
SPINDLE        (^ 

Q 


Fig.  35.  —  Heavy  Duty  Bobinq  and  Txjkninq  Mill. 

able  in  sizes  of  from  4  feet  to  8  feet  swing,  and  from  3  feet  to  4 
feet  under  the  rail.  On  the  heavier  sizes  the  tool  spindles  and 
cross  rail  are  usually  moved  by  individual  motors  to  assist  in 
the  setting  of  the  tools.  The  motor-driven  mill.  Fig.  35,  is 
turning  and  facing  a  large  casting. 
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74.  Heavy  duty  vertical  boring:  and  turning  mill  described, 

Fig.  35. 

SCHEDULE  OF  PARTS 


A  — Bed. 

B  —  Revolving  table. 
C,  C  —  Uprights  or  housings. 
D  — Top  rail. 

E  —  Cross  rail.  May  be  raised 
orlowered  and  clamped  in  position. 

F,  F'  —  Heads  with  hand  and 
power  feed. 

G,  G'  —  Swivel  tool  spindles 
with  hand  and  power  feed, 
counterbalanced. 

Hj  H'  —  Side-screw  bevel  gear 
for  raising  and  lowering  cross  rail. 


/,  J'  —  Head  feed  screws,  — 
one  threaded  right-handed  and 
the  other  threaded  left-handed  for 
moving  heads  independently  in 
the  same  or  opposite  directions. 

K,  K'  —  Tool-post  feed  shafts. 

L  —  Motor.  When  belt-driven, 
a  six-step  cone  pulley. 

M  —  Driving  gears. 

N  —  Table  bearing. 

0  —  Table-drive  gears. 

P  —  Tool  spindle  balance 
weight. 


VERTICAL  TURRET  LATHES 

76.  Vertical  turret  latlies  are  often  £sed  for  boring,  reaming, 
turning,  facing,  and  also  for  tapping  and  chasing  threads  on 
such  work  as  cone  pulleys,  gear  blanks,  car  and  truck  wheels 
and  similar  face-plate  work.  The  turret  heads  carry  a  large 
number  of  tools  which  permit  several  operations  at  one  setting 
of  the  work. 

76.  Operation  of  a  vertical  turret  lathe.  —  Fig.  36  shows  a 
vertical  turret  lathe  turning  and  facing  gear  blank  A,  Work 
is  held  by  chuck  jaws  on  table  B  which  revolves  on  bed  C. 
Main  turret  D  has  five  tool  holders,  £,  F,  G,  H,  J,  and  is 
revolved  by  handle  K.  An  indexing  pin  which  is  operated 
by  handle  L  brings  the  tools  into  accurate  alinement.  Aux- 
iliary turret  M  has  four  tool  positions  and  is  used  for  facing 
and  turning.  Both  turrets  can  be  adjusted  vertically  and 
horizontally,  and  have  hand  and  power  feeds.  Two  cutting 
tools  can  be  arranged  in  a  single  tool  holder  in  both  turrets  so 
that  four  cutting  operations  may  be  performed  at  once.  Fig. 
36  shows  three  tools  cutting  at  once,  —  two  by  the  main  turret 
cutting  tools  and  one  by  an  auxiliary  head.     Another  feature 
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is  that  during  a  long  boring  or  turning  operation,  two  or  three 
other  shorter  operations  may  be  performed  by  the  other  turret. 
A  single  tool  may  also  be  used  for  several  operations. 


FiQ.  36.  —  MAcraxiNG  Work  Held  in  a  Vertical  Turret  Lathe. 

77.  To  machine  a  steel  motor-truck  wheel.  —  To  facilitate 
the  setting  of  the  machine  and  operations,  a  graphic  schedule, 
as  shown  in  Figs.  37,  38,  and  described  in  Schedule  of  Opera- 
tions, p.  1446,  may  be  used. 
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Fig.  37.  —  Graphic  Schedule  op  Operations  for  First  Setiinq 
OF  A  Steel  Truck  Wheel. 
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FiQ,  38.  —  Graphic  Schedule  of  Operations  for  Second  Setting 
OP  A  Steel  Truck  Wheel. 
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SCHEDULE  OF. OPERATIONS 


Opera- 

First Setting. 

Second  Sbttino. 

tion. 

Fio.  37. 

Fio.  38. 

l8t 

Chuck  and  true  up  casting. 

Rough    face  rim   and  hub   and 
with  one  cut,  finish  face  bolt 
bosses. 

2d 

Rou£h  tu:n  rim,  and  rough  face 
bolt,  boase  ,  and  rim. 

Chamfer  rim. 

3d 

Finish  face  hub,   rim,  and  bolt 

Finish  face  rim  and  hub,  and 

bosses.     Start  rim  finish-tum- 

start  boring  hub. 

ingcut. 

4th 

Finish  bore  hub. 

5ih 

Rough  bore  and  square  inside  of 
hub  bearing  case  while  termi- 
nating finishing  cut  on  rim. 

Counterbore  and  recess  for  thread. 

6th 

Finish  bore  hub  bearing  case. 

Tap. 

Information.  —  By  makiog  a  schedule  of  operations  and  settings, 
idle  tools  are  eliminated  and  operations  will  not  overlap. 

Attention.  —  Attachments  are  obtainable  for  use  of  cutting  and  cool- 
ing compounds.  The  tank,  guards,  pumps  and  piping  are  independent 
of  the  machine  and  can  be  detached  at  will 
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OF 
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SPECIAL  INDEX 

ARRANGED  TO  ENABLE  STUDENTS  TO  FIND  THE 
PROBLEMS  AND  PROCESSES  QUICKLY 

Problems  In  Black-face  Type— Processes  in  Light-face  Type 

SECTION  1  Paqs 

1  To  true  ensine-Iaihe  centers 114, 115 

2  To  set  dead  center  in  alinement  to  turn  straight 116, 1 17 

3  Hand  method  of  centering 121. 122 

4  Machine  method  of  centering 123, 124 

SECTION  2 

5  To  eenter.  iquare  and  torn  stnlgtat 903-900 

0  To  tiirn,flie  and  III  Morse  taper.  No.  S 228-930 

7  To  turn  taper  with  taper  attachment 930, 931 

8  To  torn  and  Ole  1"  stralsbt  running  nt 931, 932 

0  To  make  a  1"  mnning  III  by  allowance 932, 988 

SECTION  3 

10  To  make  plain  maclilne  handle 910, 911 

11  To  prepare  two  sbaft  Mankt 914, 915 

12  To  torn  and  Ole  1"  drive  nt 910. 917 

18  To  make  1"  drive  lit  by  aUowance 917 

14  To  turn  and  file  1^'*  mnnlns  nt  by  allowanee 917 

16  To  set  U.  S.  Standara  or  V  threading  tool  at  height  of  center  and  at  right 

angles  to  work 924 

16  To  prepare  screw  and  nnt  blanks  and  to  practice  acrew^eattlnc —  928,920 

17  To  set  up  lathe  for  threading  or  screw  cutting 980 

18  To  operate  lathe  to  cut  the  thread 931 

10  To  cut  long  screw  using  thread  indicator 936 

20  Chamfering  bolt  heads,  nuts,  and  screws 941 

21  To  make  a  clamp  nut 941 

22  To  make  a  llnlsbed  bolt  k"  diameter 942. 943 

23  To  make  a  pair  of  spring  bolts,  duplicate  process 944. 945 

24  To  make  tensUe  test  specimen 946, 947 

25  To  make  a  stud 948, 940 

26  To  index  in  engine  lathe *.....  952 

27  To  make  U"  engine  latbe  Utc  center 952, 958 

SECTION  4 

28  Chucking  with  twist  drill  in  engine  lathe 406-411 

20  Chucking  with  a  flat  drill  and  chucking  reamer  in  an  engine  lathp 412 

80  Hand  reaming  work  held  in  vise 414 

31  To  ream  a  hole  by  hand  in  a  vertioal  drilling  machine 415 

32  To  ream  work  by  hand  in  the  lathe  with  a  hand  reamer 416^417 

33  To  ream  in  lathe  by  power  with  fluted  chucking  reamer 417. 418 

34  To  make  a  cast-iron  llange 426-428 

35  To  make  a  pulley  «''  in  diameter 430, 481 

36  To  make  a  formed  machine  handle 438-440 

SECTION  6 

37  To  set  and  use  boring  tool  in  lathe 90S 

38  To  out  an  inside  thread  in  lathe 107,  M8 

*30  To  cut  right  inside  thread  to  shoulder ftlO 

40  To  find  inclination  of  thread  and  tool il3,  il4 

41  To  cut  a  Square  thread  screw il6-ftl8 

42  To  make  a  Square  thread  nut 110^21 

43  To  fit  screw  to  nut 421 

44  To  file  or  grind  Acme  Standard  or  20*  threading  tool 124 

45  To  cut  Acme  Standard  or  99*  thread  screw S27-420 

46  To  make  an  Acme  Standard  or  99*  thread  nut S2»-«31 

1 
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PA«a 

47  To  out  double  Square  thread ilS 

48  To  make  brmM  MBdlnc  post  and  nnrted  thamli  nati 134-437 

49  To  main  bvonae  basmnc M9.  MO 

SECTION  • 

50  To  driU  and  ream  bolt  holes  in  coupling  flange  with  jig •04,  tOS 

61   Hand  alinement  reaming  with  shell  reamer CIS 

63  Power  alinement  reaming  with  jig CIS,  C19 

63  To  main  small  latbe  spindle %2%,  %U 

64  To  turn  spot  on  shaft,  then  adjust  Jaws  to  that  spot  and  turn  shaft €37 

66  To  make  eecentrle  shaft CSO.  €31 

66  To  turn  engine  eccentric €33 

67  To  lay  out  two-throw  90"  crankshaft  center  fixtures €32.  C33 

68  To  aline  center  fixtures  and  lay  out  cranks •33. 934 

69  To  turn  crankshaft $Zi 

60  Hand  nurling #35 

61  Machine  nurling 936 

SECTION  7 

62  To  grind  rannlng  lit  on  two  dead  centers 716, 717 

63  To  grind  forcing  lit  on  two  dead  centers 790, 721 

SECTION   8 

64  To  grind  work  square  held  with  magnetised  master  blocks 803 

66  To  grind  clearance  on  teeth  of  plain  milling  cotter 814-816 

66  To  grind  clearance  on  teeth  of  spiral  milling  cutter 819 

SECTION   9 

67  To  plane  rectangular  work  clamped  to  planer  table 818. 819 

68  To  plane  kcTwaf  In  flange 826. 827 

69  To  plane  rectangular  work  held  In  shaper  rise 834, 836 

SECTION  !• 

70  To  min  keywaf  or  sk»t  In  shaft 1815 

71  To  mill  bolt  head  and  nnt  heiagonal  with  heading  mills,  bolt  head 

mining  machine 1830. 1831 

72  To  mill  bolt  head  hexagonal  with  heading  mills,  nnlTersal  or  plain 

milling  machine 1826. 1827 

73  To  mm  sqoare  head  with  end  mlU 1828, 1820 

74  To  groofe  a  tap.    Direct  method 1832.1833 

76  To  late  hand  reamer 1886. 1836 

76  To  mm  teeth  of  plain  mllUng  cnttcr 1836. 1837 

SECTION   11 

77  To  cot  spur  gear  and  pinion  In  milling  machine 1116-1120 

78  To  cut  spur  gear  In  automatic  gear-cnttlng  machine 1121-1123 

79  Generating  spur  gear  In  gear  shaper T  1124-1126 

80  Gutting  internal  gears  and  racks 1128-1130 

81  To  cut  spiral  gear  and  plnlon»  onlTcrsal  mming  machine 1136-1138 

82  Robbing  worm,  spur,  and  niral  gears 1146-1162 

83  To  cat  befd  gear  and  pinion  with  mllUng  machine 1168-1167 

84  Planing  bevel  gears 1170-U75 

SECTION   tX 

86  To  pr^parr  v!/'  staQdanl  mandrel  blank  for  hardening,  tempering, 

and  KFlndlDi? 1102-1904 

86  To  grLrid  j-^"  b(AD<ljird  m^ndr«l.  on  two  dead  centers 1106. 1107 

87  To  niakr  \  "  i  13  I".  8.  ^tandartl  nut  mandrel U08. 1109 

88  Tostr;ilj.;h?>n  tinrdcnr.MJ  inn.l  hTurwrcd  tools 1117 

89  To  niakf?  {"  1 10  U,  N,  8Ui>i]»n]  ts|» 1118, U19 

90  Tont^kr  1i 'x^^^umre  trirf>:id  tap 1120.1121 

91  Tomakeli 'i5,«l'^elii^ftft  tap       1122,1123 

92  To  ni»ke  ^k^Tti"  plain  mllHnc  «utter 1124, 112& 

93  To  mako  haud  rparurr 1126-1128 

94  To  IsL. :  I  rir„ir.r.i  pint;  mt^y ,  .    1129,1130 

96  To  pro|iart.>  RUndard  plui^-gage  blank  for  grinding 1132. 1133 

96  TOgMiidsUDdardpluKCmirc 1134, 1135. 1137,  U38 

97  To  ciJ(t«eth  In  spiral  mill,  itnlft^rjsai  mining  machine 1141,1142 

98  To  groove  twliiidrtll 1148-1146 

99  1V» make  taper  fibankewlsldrUI.. 1145-1147 

100  To  reljpv^  formed  cnjLljdg  cuttorv  1106-1176, 1185, 1186 
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HOW  TO  FIND  A  SUBJECT 

Each  Section  is  a  unit  —  a  book  in  itself.  In  the  General  Index,  Section 
numbers  are  joined  with  Page  numbers,  thus:  234.  To  find  a  subject,  for 
example, "  Limit  gages '':  turn  to  Index  and  find  "  Limit  gages  ....  224 '' 
which  means  that  limit  gages  are  in  Section  2,  page  24.  Then  find  224 
(read  two  twenty-four)  at  top  of  page. 

A  Paqb 

Accurate  location  of  holes  in  Jigs  and 

machine  parts 1S4»-1968 

Acme  standard  or  Twenty-nine  decree 

thread f21-«31 

Addendum  of  cear  teeth 1107. 1112 

Adjustable  boring  tool 1S66, 1967 

limit  snap  gages t25 

thread  gage 925,  t26 

planer  tools. tOS,  925 

reamers 416, 416 

Ups <09 

tongue  fixture 916 

Alinement  and  parallel    ooring,  and 
reaming  in  horiaontal  bor> 

ing  machine §16 

drilling  and  tapping. .  .138, 139 
reaming  with  shell  reamer, 

himd 918 

reaming  with  jig,  power  9 1 8, 9 1 9 
Alining  crankshaft  center  fixtures.  .933, 934 
planer  work  with  surface  nge.921 
without     surface 

cage 921 

Allowances  for  driving  fits 916 

forcing  fits 917 

grinding 713 

reamed,    ground    and 

bored  holes 921,922 

reaming 413 

running  fits 914, 915 

shrinking  fits 921 

sliding  fits 916 

Aloxite 432,  704 

Aluminum,  feed  for  planing 904 

machining 410, 1909. 1910 

Alundum  grinding  wheels 704. 705 

Ampere \(t2$ 


Ampere. 
An^«iro 


pe  iron  or  angle  plate,  boring  with. .  .408 
plate  or  angle  iron,  milling  with .  1942 
planing  with 

916,927 
Angles  of  lathe  tools, 

126, 126, 12»-130. 132 

planer  tools 906 

miUing  cutters 811. 1905 

Angles  for  given  taper  per  foot,  find- 
ing   1188 

Angular  milling  cutters 1906. 1906 

planing 909-911 

Angulir  cutter,  milling  teeth  of.  .1937, 1938 

Angular  work,  grinding 804 

Apron  swivel 910, 911, 916. 928, 929 

Apron,  lathe 107-109 

Arbor  block  or  mandrel  pre«.920, 422, 423 
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Arbor,  chuck 401 

Arbor,  milling  machine 1904 

Arbors  or  mandrels 420-426 

Attachment,  automatic  tapping. .  .907, 908 

Uper : 980,931 

Attachments  for  lathes,     _ 

110, 116, 930, 981, 92^-929 

Attachments,  relieving 1971, 1972 

Automatic  geaiHsutting  machines, 

1120-1127 

Automatic  sising  grinder 724, 726 

Automobile  bolts,  nuts,  and  screws. 964-966 
Automobile   engine    cylinder,    grind- 
ing  731,732 

Automobile  gear,  grinding  hole  in. 727, 728 
Automotive  Engineers,  Society  of  .954, 955 

B 

Babbitt,  machining 419 

Ba<^  gears,  lathe 106, 107 

Backlash 932 

rests  for  grinding  machines. . .  723-726 

rests  for  lathes 928,  929 

Back  plate  with  tap,  to  finish 907-^10 

Backmg  off.     See  Relieving. 

Bearings,  care  and  use  of 151 

Belts,  pushing  on  and  pulling  off.  151,  152 

Bevel  gear  cutters 1158. 1160 

geargeneratore 1173-1177 

gears 1153-1177 

Bevel  gear  and  pinion,  cutting.  . .  1164-1167 

Bevel  gear  teeth,  filing 1163, 1164 

Bevel  gear  with  automatic  gear  cutting 

machines,  cutting 1168-1170 

Bevel  gears,  cutting  angle  f or . . .  1162 

generating 1172-1177 

planing 1171-1175 

spiral 1176,1177 

protractor 1185-1187 

protrnrtof,  vernier 1187 

Ik'Vk'lin^VmJ  ut  s'iL."ung8  for  planing 917 

Himiiii^  pkj^t.  njikkiag 934-437 

B  i  ta.     St*  U  oldcru  and  cutters. 

HItwJt,  j w *15 

Bbcitine.  at*P 913,921,922 

Blook^,  miLfl:ncti£e>l  master 802-804 

lilur'  print  bjtder      102 

r;r>lt  hud  Dut  (Tjjiking 939-946 

lioU*  fttid  QuUi  UIjI®  of  United  States  ^,^ 

.    standard 950 

Bolts,  drilling  for 901-910 

planer 914 

stud 907.908 
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Book  holder 102 

Bora  to  sefeting  of  inoide  oalipera,  ad< 

jufltinc  tool  to <w«)2 

Borinc  ban tlO-flS 

Boring  in  the  engine  lathe  with  boring 

tool...«)4-«0« 
with  boring 
bar....Cn-^13 
tool  holders  and  cutters. . .  .iOO.  i07 
toola 
127,  ff04^f07, 1S52-1S54,  lt66. 1957. 1201 
with  angle  iron  or  angle  plate. .  .408 
with  adjusUble  boring  tool, 

1956. 1257 

■Mcial  boring  tool.  .1252-1254 

Boring,  squaring  to  ahoulders  in. .  i05,  S05 

vertical §17 

Boring  machines,  drilling,  reaming  and 
eountaix>ring  in  hori- 

sontal §15 

portable €13 

Boring  and  reanung,   alinement  and 

paraUel fl5 

Boring  tool,  grinding 141 

Bosses,  milling  inside. It45 

Box  Jigs  for  dniling.  reaming  and  toD- 

Bo?  tor  iathe  tools' .'.".'.*  .' .'  .102, 109 

Brass  polishing 434,435 

Brass  tiuning  m  engine  lathe 133-4(37 

Brass,  cutting  speed  for §04 

raamersfor 413.  S34 

squaring 133,  S34 

tapping 534 

toob  for  turning 533 

Bridges  in  hollow  castmgs 421 

^  British  Association  standard  tlireads. .  .218 

Broach  reamers 418,419 

Broached  holes,  chart  of 544 

Broaches f43-»48 

Broaching  holes 143-^548 

Broaching,  lubricants  for -. .  .546 

machine 543-^46 

Broaching  or  drifting,  hand 146, 147 

Bronse,  planer  cutting  speed  for 204 

grinding  phoephor 718 

machima'' 419,S39.S40 

Brown  A  Sharpe  topers . .  .238, 235, 237-239 

Buffing 440 

Bunters  for  planers,  screw #14 

Burnt  or  hot  oenters 202 

Burr  when  squaring,  to  remove.. .  .131. 132 

Bushing,  grinding  Jig 829. 830 

Bushings,  making 403. 404.  ff39.  MO 

Button  method  of  accurately  locating 

holes li48. 1267-1263 

Buttons   for   precision   drilling,   tool- 
makers'  1257-1263 

on  Jig,  locating 1259 

C 

Caliper  gage,  grinding 828,  829 

Caliper  gages 223 

squares 212.  213 

Calipers,  adjusting  tool  to  bore  to  set- 
ting otinside S02 

adjustins  tool  to  turn  to  set- 
ting of  outside 144 

Calipers,  divider 121 

inside  spring 501.  i02 

micrometer 502-504 

micrometer 207-210. 213 

spring 14^145 


Paoi 

Calipers,  ton-thousandth  mlorometer..  .213 

thread 220 

micrometer 1214, 1215 

vernier 211-213,  U13. 1166 

Calipers  to  another,  to  transfer  setting 

from  one  pair  of 145 

CarboUto 704 

Carborundum  grinding  wheels.. . .  .704, 705 

Carriage,  lathe 103-105 

Castings,  pickling  and  tumbling If  10 

Castings  with  jigs,  drilling tOl-flO 

Cast  iron,  diamond-point  tool  for  finish 

turning 184, 1S5 

diamond-point  tool  for  roug^ 

turning 134 

feed  for  planing 204 

finish  facing 425 

planing 207 

squaring 131, 132.  S12 

lam    square-nose   tool    for 

nni'h  turning 185 

lathe  tools  for 125-135 

planer  cutting  speed  for 204 

rough  facing 424 

pUning 206,207 

squaring 129 

round-nose    tool    for   finish 

turning 134, 135 

small    square-nose   tool   for 

finish  toming 135 

Cast-iron  roll,  grinding 722 

Cat  head 228 

Catching  the  thread  in  screw  cutting.  .236 

Celluloia  grinding  wheels 704,  706 

Center-cut  end  mill 1230. 1231, 1241 

Center  distance  of  gears 1106 

Center  driU 122 

ga^ 113 

gnnding  machine 115 

height  gage  for  cuttor  grind- 
ing  810.811 

hole  scraper 231 

holes  in  lathe  work 117-124 

mandrels 423 

punch 121.122 

reamers 120.122 

Center,  alinement  of  dead 116, 117 

dead 113-115 

Uve 113-114 

Center  drill,  to  remove  broken 122 

fixtures,  crankshaft 232, 233 

Center-hole  dimensions,  tobleof 119 

Center  holes,  lappmg 1228. 1229 

Center  for  pipe  tormng,  revolving  dead. 421 
Center  for  squaring,  grooved  dead. .  13 1, 132 

Center  truing  tool,  lathe 114 

Centering  machine 123, 124 

tool  for  chucking 409 

Centering,  squaring,  and  straight  turn- 
ing  208-205 

Centering  work,  hand  method  of.  .121, 122 
machine  method  of  123, 124 
Centers,  burnt  or  hot 202 


grinding. 


115.710-712,809.831,832 

engine  lathe 115 

113-117 

makinf  engine  lathe 252, 258 

mounting  work  on  lathe. 

118,119.201-203 

testing  angle  of 113 

'    I  lathe  Uve.. 113-115 
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Ctt&ten,  truing  en^iae  lathe 114, 115 

grinding  maohinw, 

710, 711, 809 
Centen  in  alinementa'  setting  grinding 

nutohine c 

Chamfering    bolt    heads,    nuta    and 

aoxews 141 

Change  gear  mechanism  for  screw  out- 
ting  and  feeds,  rapid 110,  111 

Chart  of  gear  teeth 1115 

milling  cutters 1#06 

Chattering  of  tools S05.  IMS 

Chordalthickness 1112-1114 

Chuck  jaws 401. 402 

Chuckmg 40S-412 

an  eccentric 404 

a  pulley 412 

in  speed  lathe  with  a  twist 

drill f40,«l 

with  drUl  holder. 409. 410 

Chucking,  centering  tool  for 409 

Chucking  drills,  flat 411. 412 

reamers,  flat 411,  412 

Chucking  with  a  flat  drill  and  chucking 

reamer  in  an  engine  lathe 412 

Chucks 401-406 

Chucks,  cars  of 405, 406 

classes  of 402 

combination 404 

draw-in 406 

drill 122,402 

face-plate 405 

independent 402. 403 

magnetic •23-t25 

mounting  and  removing 406 

special 404 

spring 405 

tapping  back  plates  of S0&-A10 

universal 403, 404 

Chucks  to  machine  spindles,  attach- 
ing  401,«)7-»10 

Circular  milling lt40-l§4S 

pitch  tor  gearing 1105 

Clamp  dog S39 

Clamp  nut,  making  a S41 

Clamps 406-408.  f  13-915,  #23 

Clamps,  holding  planer  work  with  fin- 
ger  #22 

polishing 434 

Cleaning  planers #20 

Clearance  of  teeth 1107 

lathe  tools 125. 126 

milling  cutters 811-615 

reamers.4i3,811-813, 820-822 
Clearance  on  twist  drill,  milling  land . .  U45 

Collet,  to  nind  taper 726 

Collets,  muling  machine 1804 

Combination  chucks 404 

grinding  wheels 706 

Comparator.    3e9  Measuring  machine. 

Composition,  turning 838 

Composition,  planer  cutting  speed  for.  .#04 
Compound  gearing  for  threads,  oalcu- 

U^ 833-835 

Compound  rest 1189, 1190 

Compound  rest,  fine  tool  adjustments 

with U90 

Coneave  cutter 1#00 

Connecting  rod.  cutting  slot  in #36,  #37 

Convex  sutter I#05.1f06 

grinding 826,827 


Paoi 

Copper,  machining 419 

Copper,  TnllMng 1#10 

poUshmg 484, 435 

turning 419 

Corundum  grinding  wheels 704 

Cotter  miU 1#07, 1#30, 1831 

Coulomb 826 

Counterbore,  relieving 1875 

Gounterboring 810, 815 

Countershaft,  engine  lathe 104-106 

Countersmks 120. 122. 123 

Countersunk  holes 117-124 

Counterweights  for  lathe  work, 

407,408,834 

Counting  threads 820. 821.  831 

Crank  shaper #30.  #36 

Crank,  lasong  out  holes  in  engine 407 

Crankshaft  turning 832-885 

oenter  fixtures,  laying  out 

two-throw  90« 832-«85 

Crocus  doth,  uses  of 434. 887 

Cross  feed  of  lathe 107-109 

Crowning  or  tapering  pulleys 428-431 

Crystolon 704 

Cup  grinding  wheels. 707  806,813,815,816 

Curve  turning 435-437 

Cut  meter 146 

Cut.  finishing  and  rouf^iing 126 

Cutter  clearances,  milling, 

811-815.1806,1824,1825 

Cutter  grinding  maehine 808 

Cutter,  face  or  plain  milling 1803, 1805 

fly 771807, 1102. 1156 

formed  millins. . .  .1806,  UOl,  U05 

grinding  angular 818, 819 

convex 826, 827 

flat 825,826 

formed 824 

gear 828,824 

hole  hi  miUing..728,729 
inserted    tooth    mill- 
ing  815.816 

plam  milling 814, 815 

radial   teeth  of  side 

milUng 816,817 

spiral  milling 819 

Cutter  by  measurement,  setting 1810 

trial,  settmg 1810 

Cutter  central,  setting  gear: 

(Accurate  Method).. .  .1120 
(Approxunate  Method)1119 

Cutter  for  relieving,  coloring 1872 

Cutters  for  spiral  mills 1840 

two-groove  twist  drills 1840 

Cutters,  angular  miUing 1805. 1806 

coarse  tooth  milling 1847 

epioycloidal  gear 1103 

feed  for  mUlmg -.  .1809 

form  millin(| 1807 

formed  ynillmg, 

liK)5-1807,U01,  U08 

gear  stocking 1101 

grinding  milBng 808-827 

helical  tooth  noMng. . . .  1847, 1848 

involute  gear UOl,  1103 

milling 1805-1808 

rake  tooth  milling 1843, 1847 

selection  and  mounting  of. .  .1808 
spiral  milling, 

1806.1811.1847,1848 

Cutting  ani^e  for  bevel  gears. 1162 

bevel  gear  and  pinion. .  .1164-1167 
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Cttttinc  bevel   ge&ta   with   antomAtie 

geaiHsutting  maohines  1168^-1170 
interaal  gears  with  automatic 

■ear-«uttinff  maohineB  1127, 1128 
keyways  with  key-eeater  .  .#36,  #87 

off  stock  (material) 818. 814 

off  work  held  in  milling  msr 

ohine  vise 133 

racks 1130 

screws. 81&-S38 

speed  for  carbon  steel  milling 

cutters 1808 

hich-epeed  steel  xnill- 
iM  cutters. .  .\C.  .1808 
speeds  for  carbon  steel  lathe 

tools 147 

speeds    for    hich-epeed    steel 

Tathe  tools 147 

speeds  for  lathe  tools 145-148 

spiral  gear  and  pinion  .  .1136-1139 
spur  gear  and  pmion  . .  .1116-1120 

teeth  in  spiral  mill 1841, 1942 

Cutting  feeds,  lathe 148 

movements    of    milling    ma- 
chines  1807 

Cutting  speeds,  measuring  lathe. .  .146-148, 

Cutting  speed  for  cast  Iron,  oomposi* 
tion,  brass,  bronse,  steel,  wrought 

iron,  planer 804 

Cutting-off  tool  holders  and  cutters, 

S08.809.tl4 

Cutting-off  tool,  breaking  a 814 

ffrindins  138  139 

tools,  lathe. .  .ioiiio^itiz]  tl4 
Cutting  tools,  lathe, 

125-135. 801-814. 805-807, 833 

lubricants  for 146-160 

theory  of 125,116 

rake,  clearance  and  cut- 
ting angles  of  lathe, 

125. 126 
Cylinder    heads,    drilling    and    tap- 
ping  803, 807, 808 

Cylinders,  boring  and  facing 810-815 

Cylindrical  grinding 701-726 

D 

Dead  center,  alinement  of 116. 117 

lathe 108.113-115 

Decimal   equivalents,   table  of  com- 
mon fractions  and 810 

Demagnetising  steel  or  oast  iron %2S 

Dial  test  indicator 1811. 1:812 

Diameter  to  turn  blank  to  mill  or  file 

square  or  hexagonal 1825, 1826 

Diametral  pitch 1104. 1105 

Diamond  tool  for  truing  emeiy  wheels, 

710 

Diamond-point  tools  for  cast  iron.  .188-135 

steel  or   wrought 

iron 802,804, 

Diamond-point  tools,  grinding  138, 139. 141 

half 127.806 

left 127  806 

Dies.  leUeving 1880. 1881 

threading 842. 843 

Differential  indexing 1823-1825 

Dimension-limit  system 813,  814 

Disk  grinding  wheels 707, 812.  813 

Divider  calipers 121 

Dog,  damp 839 


pAoa 

Dog,  spring ^ «22 

square S89 

Dogs  for  grinding  machine 711 

work  of  one  dismeter, 
end-driving... 7 11.  712 
taper  work,  special    milling 

machine 1839.  M40 

Dogs  or  driveis,  lathe 118 

Double-square  threads,   aehedule  for 

malfiwg 532 

tool  holders S12 

Dovetail  milling 1816 

Draw-out  shaper 932 

Draw-in  chucks 405 

Drifting,  hand  broaching  or 848,  ^47 

Drill  chucks 128, 402 

holder 410, 412 

Drill,  combination 120 

grooving  twist U43-1347 

making  taper  shank  twist. .  U4S~1S4  7 
Drilling  and  oounterboring  duplicate 

parts too.  610 

and  tapping  engine  cylinder 

heads 803,807,  MM 

castings  with  Jigi 801-410 

eccentrics 404 

flanges 801-405 

forbolts fOl-ClO 

screws  and  studs 807-408 

set  screws 430-432 

glass 150 

In  speed  Uthe 840.  ^41 

Jigi 801-810, 1848-1963 

machine  frames 801. 415-417 

reaming  and  oounterboring  in 
horisontal  boring  machines.  .415 

with  flange  Jig 802-404 

DriUing  Jigs,  locating  holes  in.  ...144^1963 
jigs  for  boring,  alining 

1850. 1SS6, 1859-1963 
Drilling  nuMhines,  multiple-spindle, 

n»3.804,4lO 

radial 806-409 

Drilling  and  tapping,  alinement. .  .838.  439 

DrUIsTflat  chucking 411, 413 

Drivers.    See  Dogs. 

Driving  fits 816, 816.  817 

fit,  making 814^17 

Driving  lathe  woric 118. 119 

Duplicate  parts,  drilling 801-810 

Dui)licate  pieces,  »w*H"g 801 

Duplicate  work,  milling. .  .1818, 1819. 1480 
DupUcating  sises,  lathe  stops  for.  .110,  111 


Eccentric  turning 82m835 

Eccentric,  drilling  an 404 

Eccentric  oenteis,  laying  out 830 

Elastic  grinding  wheels 104-707 

Electric   center  grinder,  truing  lathe 

center  with 115 

Electrical  units 826 

Electrically-driven  engine  lathe.. .  .112, 113 
machine  took.  .111-113 
Emery  doth  for  polishing,  order  of 

applying 432,433 

Emery  gnnding  wheels 704, 705 

Emery  wheels,  diamond  tool  for  truing . .  710 

End-measuring  rods 824, 1838 

End  miU,  centeiHmt 1430, 1481. 1841 

...817,818,880,831 
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Engiaa  lath* 101-109 

Encine  Uthe  with  rapid  ayfltom   of 

chance  gean 110,  111 

EngliBh  standaxd  (Whltworth)  threads, 

Epioycloidal  cutters Sl103 

lears 1101.1108 

Expanding  mandrels 431, 426 

TC^rp^MUn  of  woric  while  grinding.  .713,  714 

turning MS 

Expansion   reamers.    See  AdJustaT 


Faoe  milling. .  .Ull.  Itl3.  It43,  lt47, 1*48 

Faoe-plate  ehuoks 406 

Face  plates 400-408, 1M9-1M1 

Facing  disk  held  in  a  ohuok 402 

lanm  cylinder 614 

mil 1605,  lf06,  ltl2 

work  in  steel 1926 

or  front  tool 133 

Feed,  star 614, 617 

Feed  or  out  for  planer  worlc«  direction 

of tl7 

Feed  of  planer  work,  time  of 617 

Feeds  and  speeds  for  grinding 708.  700 

lathe  work, 

146-148.  «40. 941 

milling 1608-1610 

planing.  .604, 600-608 
Fiber,  machining  hard  rubber  or.  .419, 420 

Files.  miU 605-307 

FiUncbevel-gear  teeth U63.  U04 

lathe  woric 606-607 

Fillets  of  east  iron,  scraping 420-428 

Finishing  out 120 

Finishing  out  for  boring,  oontinuous. . .  .612 

Fingers  for  holding  planer  work 614 

Fits  in  maohine  oonstruotion 614 

Fits,  classes  of 614 

driving 610, 610. 617 

forcing 610-621 

grinding  fordng 730. 721 

running 710.717,614 

J 716-721 

ifor 621,622 

press  for  forcing 618. 630 

running 616, 631. 632 

shrinking 619, 621 

table  of  allowances  for  standard.  .622 
turning  and  filing  driving. . .  .614-617 
turning  and  filing  running. . .  .614-617 

sliding 610 

table  of  driving 610 

fordnfE 617 

tables  of  runmng 615 

shrinking 621 

sliding 610 

teper  foroing 617-619 

running 615 

Fits  with  caliper  and  gage,  producing 

standard 623 

Fits  with  micrometer,  producing  stand- 
ard  .TV; 622 

Fitting,  strdght  turning  and 631. 632 

Fixture,  adjustable  tongue 610 

angle  plate.  408.616,814.616. 1642 

internal  jtrinding 727, 728 

shell  milling 1613, 1614 

Fixture  for  planer,  Tee 615.  610 

I  (or  rib). 615. 610 


Fixtures,  crankshaft  center 668. 633 

lathe 4O0-4O8. 613. 615 

nulling  jici  and 1617-1619 

string 625 

Flange  drilling 601-605 

Jigs 602-604 

Flange,  finishing  face  andscr^Hng  oast- 

iron  (lathe  woric) 425-438 

making  cast  iron 430^38 

Flat  chucking  drills 411, 413 

Fluted  chudang  reamers 417, 418 

Fluting  reamers 1639, 1630. 1634-1830 

Fly  cutter 1607,  U03, 1150 

Follower  f^sts 628, 639 

Footstock,  emdne  lathe 104. 113. 110 

Footstook.  index  head  and 1631, 1623 

slitting  Uthe 1610 

Fonang  fits 610-631 

press 618-630 

Foigings.  pickling  and  tumbling 1610 

Form  milliiui  cutters 1607 

Formed  milling  cutters, 

1605-1607. 1101-U08 

Forming  tools 436.  605. 1666-1676 

Formulas  for  gears 1104-1114, 

1132-1136.  U40-U44, 1154-1158 
screw  threads, 
621-623,  661.  611,  612,  633 

Formulas.  Greek  letters  used  in 1687 

Fractional  thieads 633-635 

Front  or  facing  tool 633 


Gage  for  grinding  and  setting  Twentarw 

nine  degree  thread  tools 635, 630 

Gage,  center .•••.••: ^•^•••illS 


lapping  standard  plug. . .  .1629, 1630 

_  standard  plug. ..  .1632-1635 

square  threading  tooTangle. . . .  .613 


lappmg 
*nnK*"g 


Gage  for  cutter  grinder,  center  h^idit, 

Tri0.8U 

Gage  blocks  for  planers 613 

or  pattern  for  setting  planer  tool. 

special 621, 633 

Gsgee,  caliper 633 

end-4neasuring  rod 664, 1638 

gear  tooth U66, 1167 

grinding  plug 1634, 1635 

hole 633-635 

Ii4>ping  ring 1630 

limit 634-636 

%3,  1638-1630,  1636-1635.  1637 

reference  disk 634 

iPpiffCTi^l 635 

standard  cylindrical-plug  and 

ring 633 

taper 638, 621 

thread. .113. 624.  S36. 607,630, 1610 
vernier  height. 

1649-1654, 1659, 1663, 1664 

Gang  mandrels 432 

^lls 1617 

planer  tools 605 

Gashing  worm  gear 1145. 1146 

Gear  hobs 1147,1148,1681-1686 

rule 1116 

shaper 1124-1126 

stooUng  mttten 1101 

tooth  vemler,  caliper 1118. 1166 

Gear  blanks,  mffling 1640. 164 1 

limits  used  in  dsiiig. 1104 
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Qetf  tMth,  ohtft  of U15 

Q«ar  cutter  oeDtnd,  wtting  (Aoourato 

Method) 1120.1121 

Qear  cutter  central,  setting  (Apfwozi- 

mate  Method) U19 

cutter,  formed. 1106. 1101-U03 

cutters,  bevel 1159.  U60 

headstook,  engine  lathe f09 

Gears,  bevel 1153-U77 

epioydoidal UOl.  1103 

formulas  for.  .U04-U14. 1182-1136. 
U40-U44. 1164-116S 

herringbone 1129 

bobbing U4<V-1152 

involute U01-U90 

planing  bevel U7 1-U75 

pointed  tooth 1180 

spiral 1131-1138, 1151, 1152 

spur UOl-1126,  U78-1185 

stub-tooth U78.U79 

testing 1182-1184 

worm 1139-1149, 1152 

Qenerators,  bevel  gear 1173-1177 

Gibe,  planer SOS 

Glass,  drilling 160 

Graduatingdial 1040 

Graver 437 

Greek  letters  used  in  formulas 1987 

Grinder,  automatic  sising 724, 7S5 

wet-tool 140-142 

Grinding  angular  cutter 818. 819 

woA 804 

automobile  engine  cylinder, 

731,782 

boring  tool 141 

caliper  gage 828. 829 

centers. . .  .115, 710, 809, 831, 832 

convex  cutter 826, 827 

outting-off  tool 138. 139 

diamond-point  tool 138, 141 

end  mill 817,818. 830.831 

fits 715-721 

Hat  cutter 826.  826 

forcing  fits 7 20,  721 

formed  cutter 824 

gear  cutter 823, 8S4 

hand  reamer 820, 821 

high-speed  steel  cutter 140 

hole  in  automobile  gear.  .727, 728 

miUing  cutter 728, 729 

inserted  tooth  milling  cutter, 

816.810 

El  bushing 829. 880 
the  tools 135-142 

mandrel 1905-U07 

milling  cutters 808-827 

piston  rings 807 

plain  milling  cutter. 814, 815 

plain  surfaces 805-607 

plug  gages 1S34, 1935 

phojsphor-bronae  taper  bushing  718 
radial   teeth   of  side   milling 

cutter 816,817 

round-noee  tools 135, 136 

side  tool 130, 137 

sides  of  riitting  saw 827 

slender  shaft 722-724 

ipiral  milling  cutter 819 

square  threading  tools. .  .188, 139 

standard  mandrel 1905-1907 

standard  ring  gage 729.  730 

stnightedge ...828,829 


Paob 

Grinding  taper  reamen 829,  823 

Uper  shank  of  end  mill.  .880, 881 
tapera,  718, 721, 725, 720,  780. 731 

thin  *»*<<Kin^  parts .803 

Twenty-nine  degree  thread- 
ing tools 824.  826 

Grinding  United  States  standard  or 

sharp  V  threading  tools 140 

with  back  resto 723-728 

work  square  with  magnetised 

master  blocks 803, 804 

Grinding,  allowances  for 713 

cutter 808-827 

(nrlindrioal 701-728 

depth  of  cuts  for 709 

direction  of  rotation  of  work 

•nd  wheel  for 709,  727 

eipansionof  workwhile.718,  714 

internal 727-732 

lubricants  for 713 

maehine 701-720 

measuring  tools  for 714 

methods   of    driving    work 

for 711,712 

rou^  and  finish 713 

setting     swivel     table     for 

sMght 712.  727.  809 

setting  swivel  tiU>le  for  taper.  712 

speeds  and  feeds  for 108, 709 

surface 801-807 

the  finish  of  woric  by. 713 

wet  and  dry 713-714 

widthof  face  of  wheel  for 709 

Grinding  on  two  dead  centers,  principle 

of 70I 

Grinding  maohine,  universal 702,  703 

Grinding  maehine  oent«a  truing.  .710, 711 
Grinding  machinns,  care  of, 

710,711,714.809 

lOf 702 

719.808 

operating  universal.  .7 1 S 

plidn 721-720 

truing  centers  of. 

710.711.809 

Grinding  wheels,  alundum 704, 705 

carborundum 704, 705 

oeUuloid 704,700 

chart  of 705 

combination 700 

oorundum 704, 705 

Cup 707,800,813,815 

TA 707,812,813 

elastic 704-707 

emery 704. 705 

grades  of 704-707 

siUcate 704-707 

table  of  speeds  for :?08 

tanite 704.706 

truing 709.710 

vitrMed 704-707 

vulcanite 704. 706 

Grinding  work,  measuring 714 

Grinding  woric  of  one  oiametsr.  end 

driving  dog  for 711. 712 

Ground  work,  seasoning  of 714 

Grooving  taps 193 1-1933 

twist  driU 1943-1947 

H 

Half  diamond-polDt  tools 127,806 

Hammer,  lead 422 
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Hammer,  maohinirt's 121, 122 

rawhide 422 

Hammers  for  finished  work.  soft. 422 

Hand  broaching  or  drifting  reamers, 

41^^19 

reaming  in  engine  lathe 416-418 

reaming  stand 416 

reaming  in  viae 414 

turning 437-440 

machine  handle 437-440 

Hand  wheels,  turning 436 

Handles,  making  formed  machine.  .437-440 

Headstock,  engine  lathe 104-107 

Height  of  lathe  cutting  tools.  .128. 131-134 

Hebcal  spur  gears 1128, 1129 

Helioal  tooth  milling  cutters. 1047. 1048 

Hexagonal,    calculating    diameter    to 

turn  blank  for  milling  or  filing . . It25. 1026 
Hi^h-epeed  steel  milling  cutters,  cut- 

tmg  speeds  for 1008 

Hii^-fpeed  steel  lathe  tools S04-S10 

cutting  speeds 

for 147 

Hobs,  gear U47.  U48. 1281-U86 

relieving 1981-1386 

Hobbing  worm,  spur  and  spiral  gears 

U46-1152 
Holders  and  cutters,  lathe, 

006-012,  014. 006-008. 014 

planer 005.000 

Holding  planer  work  by  cementing  or 

gluing 020 

planer     work     with     finger 

damps 022 

Hole  gages 023-025 

Holes,  allowances  for  reamed,  ground 

and  bored 021.022 

broaching 043-048 

button    method    of    accurately 

locating 1048, 1057-1063 

chart  of  broached 044 

countersunk 117-124 

plug  method  of  accurately  lo- 
cating  fe48-1057 

reamed 413-410 

stepping  work  for  taper 020 

table  of  allowances  and  limits 

for  standard 021. 022 

taper 019-023 

Holes  in  Jigs  and  accurate  machine 

parts,  location  of 1048-1063 

Holes  with  a  boring  mill,  accurate  bor- 
ing of 1062-1055 

Holes  with  a  lathe,  accurate  boring 

of 1057-1061 

Holes  with  a  milling  machine,  accurate 

boring  of 1040. 1055-1057 

Hot  centers,  burnt  or 002 


Independent  chucks 402 

Index  grinding  for  milling  cutters.  .814-827 

Index  head  and  footstock 1021. 1022 

miUing 1019-1040 

Indexing  in  the  engine  lathe 052 

Indexing,  different 1023-1825 

plain 1021-1023 

rapid 1019-1021 

Indexing  plate,  use  of 1022, 1023 

Indexing  hand  reamers,  principle  of.  .1034 
Indicator,  axis 1018 


Paqs 
Indicator,  surface  speed  attachment 

for  speed 146, 147 

thread 036 

Indicators,  dial-test 1011,1012 

test....  1010-1013,   1049-1052 
.     ....  1059,1000 

Inserted  tooth  milling  cutter, 

1005, 1006, 1019, 1043 
Inserted  tooth  milling  cutter,  grind- 
ing  815,816 

Inside  spring  calipers 001. 002 

Inside  micrometer  calipers 002-4K)4 

Inside  square  tJireading  tools 015, 016 

squaring 005,006 

Inside  thieadmg  tools,  Umted  States 

standard  or  ^arp  V. ff06, 007 

Inside  Twenty-nine  degree  threading 

tools 026,026 

Inside  United  States  standard  or  Sharp 
V  threading  in  the  engine  latiie.  .006-010 

Interchangeable  machine  parts. ... 001 

Internal  gears  with  automatic  gear- 
cutting  machines,  cutting 1127, 1128 

Internal  grinding 727-732 

fixture 727,728 

International    and    French    standard 

threads 051 

Interrupted  thread  tap 009 

Involute  gears 1101-1190 

J 

Jacks,  leveling 013. 021 

Jarno^tapers 036, 037 

Jig  for  duplicate  milling  machine  parts .  1019 

Jig  reamers 004,  005,  019.  820 

Jig  vise 008, 009 

Jig.  hand  reaming  thin  work  held  in. .  .415 

Jig  bushing,  grinding 829, 830 

Jig,  soUd 001 

Jigs  for  tapping 006 

Jigs,  box 004-006 

drilling 601-010, 1048-1063 

locating  holes  in  drilling. . . .  1048-1063 

multiple 001 

planer 023 

planing  drilling 1048 

pUte^nge) 002 

rotary 001 

Jigs  and  fixtures,  milling 1017-1019 

Joule 026 

Journals.    See  Bearings. 

K 

Keyseater  and  Blotter 036, 037 

Kejrwayin  pulley  or  gear,  planing  taper.  02  7 
Keywaya.  milling  1014,  1016.  1018,  1030, 

1081 
Knurling.    See  Nurling. 

L 

Lacquering , . . .  .440 

Lands  of  reamers 413, 82t>^22.  imn 

Laps nis-im 

Lapping I«2g-l^a3 

center  holes 1^28, 1329 

Lapping  standard  plug  gage Itt^,  1^30 

Lard  oU .I4S,  149 

Lathe  apron 107-109 

centers «113-L15 

dogs  or  drivers 118 

holders  and  cutters. 

006-012, 014, 005-007. 014 

tools  for  cast  iron. 125-135 
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Lathe  toolB  for  iteel  or  wroui^t  iroB, 

Lathe  with  rapid  change  gear  meoha- 

niam 110,  111 

Lathe,  motor-driven  engme 112,113 

engine 101-109 

■wine  of 101 

Lathe  bed,  milling Itl7 

planing f27-t29 

centers,  grinding, 

115,711.800.831.832 
mounting  work  on, 

118.119.t01-t03 

truing  engine 114. 115 

Lathe  spindle,  making  small 822. 828 

Lathe  tools,  anglee  of  126, 126, 128-180. 132 

box  for 102.109 

ehart  of  foraed 120, 127 

dearanoe  of. 125, 126 

cutting  angles  of 125, 126 

speedaof 145-148 

grinding 135-142 

height  of 128, 131-184 

hi^-Bpeed  steel 804-810 

xaKof 135.126 

Lathe  work,  axis  indicator  for 1813 

center  holes  in 117-124 

driving 118 

filing. 805-807 

speeds  and  feeds  for, 

^^  145-148.840.841 

measuring. 

143-145, 807-809, 811, 812. 
820,  fOl-AM 

Lathe  head  and  footstock,  planing 829 

Lathes,  attachments  for. 

110. 115, 830. 831, 826-429 

dasaee  of 103 

requirements  for  successful  use 

of  engine 113 

Laying  out  holes  in  engine  crank. 407 

two-throw   90"  crankshaft 

center  fixtures 832-835 

Lead  hammer 422 

Lead  of  screw  threads 820. 835 

screws 107, 108. 109, 81 9 

Lead,  machining 419 

Left  diamond-point  planer  tool 806 

tools 806 

side  tool 806 

threads 819, 832, 810 

Leveling  jacks 813. 831 

taper   woric  in   milling  ma- 
chine  1880 

work  on  planer  table  with 

surface  gage 821 

Lfanits  used  in  sising  gear  blanks 1104 

Limit  in  milling 1811 

gages 824-826 

Line  tapping.    Se^  Alinement  drilling 

and  tapping. 
Une  reammg.    5ee  Alinement  reaming. 

Lining  lathe  centers 116. 117 

Live  center 113. 114 

Lock  washers 856 

Long,  feed,  lathe 107-109 

Long  screws,  threading 836, 337 

Lubricant  for  broaching 846 

milling  cutters If09 

Lubricants  lor  cuttinjs  tools 148-150 

grindmg 713 

Lubricating  or  oding  bearings 151 


M  Pasi 

Machine  tools,  origin  of , 101 

Machinists'  hammer 121, 122 

Msgnetic  chucks 823-825 

Magnetised  master  blocks 802-804 

Mandrel  or  arbor  block 423 

making U03-1809 

or  arbor  press 820. 422, 423 

Mandrel,  eccentric 833 

making  standard 1802-1807 

making  U.  0.  8.  nut..  .1808, 1800 
scrft  hammers  for  driving. . . .  .423 

stub 821 

Mandrel  dimensions,  standard . . .  1804, 1805 

Mandrels 420-426, 1802-1809 

Mandrels,  built-up 433 

bridges  in  hollow  ^^^^j^g*  to 

take  place  of 421 

center 423 

expanding 421, 435 

gang 428 

nut 340, 1808. 1809 

standaid  soUd. .  .420, 1804. 1805 

qpedal 423 

Manufaotunng  type  of  milling  ma- 
chine  1818.1819 

Master  blocks,  magnetised 802-604 

Material  (stock),  inspection  and  meaa* 

urement  of 150 

Measuring  angles  with  sfaie  bar.  .1963-1865 

grinding  work 714 

Measuring  lathe  woric. 
143-145.  a07^K)9, 811,  812.  820,  001-804 

milling  woik 1810, 1811 

planer  work 813 

tapers  with  sine  bar 1863 

manhlne,  twenty^our  inch 

J r..... 183^1838 

Meter,  cut 146 

Metric  thceads 818, 835 

Micrometer,  alining  planer  table  with.  .809 

Micrometer  calipers 807-810,813 

calipers,  inside 802-804 

ten-thousandth. .  .813 
thread..... 1814. 1815 
vernier. ....  .811, 813 

MUl  files 805-807 

MiU.  center-cut  end 1830. 1831, 1811 

cotter 1807. 1830. 1831 

feeing 1805, 1800. 1813 

Milling  cutters 1805-1808 

bolt  head  and  nut  hexagonal  ^_ 
in  milUng  machine...  .71826. 1827 
in   bolt   head   milling    ma-    ^^ 

chine 1820.1821 

dovetail 181(1 

dupUcate  work. . .  .1818, 1819, 1830 

endof  shaft  square 1828. 1839 

inside  bosses 1845 

irregular  shapes 1840 

jigs  and  fixtures 1817-1819 

keyways  or  slota  in  shaft,         ^  ^, 
1814. 1815. 1818,1830. 1£1 

machinft  arbor 1804 

ooUeta 1604 

Milling  macUnes 1801,  U04 

racks 1180 

radial    teeth   in  side   milling  ^.. 

cutter 1W8.18S9 

square  head  with  end  mm ,  1828, 1880 

teeth  of  angular  cutter . .  1887, 1838 

plain  milling  cutter,    ^^^^ 

^^       li36,1887 
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1M0-1§45 

'  fMe. .  .Ul  1. 1012,  tt48, 1M7. 1048 

index Ul»-lt40 

limitoin Mil 

methods  of  holding  work  in 

plain 1011 

multiple 1018 

•peeda  and  feeds  for . . . .  1008-1010 

spiral 1S8»-1S47 

▼ertioal 1043-1045 

Milling  cutter,  making  plain 1S34-1S26 

Milling  outterB,  anises  of 811. 1005 

ohsrtof 1000 

coarse  tooth 1047 

cutting  speed  for 1008 

feed  for 1000 

grinding 80&-837 

heUoal  tooth. . .  .1047, 1048 
lapping  holes  in .  1380, 1031 

lubricant  for 1000 

milling  teeth  of, 

1030-1030, 1024, 1025, 
1341.1042 

rake  tooth 1043, 1047 

Milling  machine  vise 1011-1013 

MUling  machine,  planer  type. . .  .1016-1017 
manufacturers'  type 

of lOlClOlO 

Milling  machines,  cutting  movements 

of 1007.1008 

Biilling  machines,  vertical 1043 

Milling  machine  dogs  for  taper  work, 

m<nal 1030. 1040 

Milling  work,  measuring 1010. 1011 

Mills,  gang 1017 

side  or  radial  (sheU-end) 1006 

Monel  metal 034 

Morse  taoers. .  .028-031. 033-035. 037-030 

Motor-dnven  shaper 036 

Motor-driven  machine  tools,  examples 

^  of 112.1002 

Mounting  work  on  Uths  centers. 

118.110.001-003 
Multiple  Ji^. 001 

Multiple-spindle  driiUng  machines, 

003.004.010 

Multiple  threads 010, 031. 032 

Multiple-threaded  Ups 032 


Noiseless  I 


N 


ss  gean 1181 

Normal  ofspiral  gears 1132 

Nulling,  hand 035 

machine 036 

Nut  and  bolt  making 030-046 

_     mandrel,  making  U.  8.  8.. . .  1008. 1000 

Nut  mandrels 040 

Nut  in  alinement,  drilling  and  tfirp«"g 

^,  a  cross  feed SSS.  030 

Nuts,  damp 041 

fixed 038 

nuried-head 036, 037 

threading 010, 043, 000, 007, 038 


Ohm 

oa, 


Oiling  grinding 

IHaners 

Oil  stones,  Arkansas 


026 

140 

.148. 140 

148 

714 

020 

143 


Paob 

Oil  stones.  Carborundum 143 

India 148 

Oilstoning  tools 143.  822 

Outside  diameter  of  gear  blank 1105 

P 

Parallels,  or  wedges,  planing  taper 017 

planer 013 

Pickling  and  tumbling  castings  imd 

forgings 1010 

Pins,  screw 014 

toper 418.410 

Pipe  top,  threading 024 

turning,   revolving  dead  center 

fm^ .T. 421 

Piston  rings,  turning 023 

grinding 807 

Pitch  diameter  for  gearing 1105 

of  threads 320 

Pitch,  circular 1105 

diametral 1104. 1105 

Pitch  Une.  finding  thickness  of  tooth 

at U07 

Plain  grinding  machines 721-720 

indexing 1021-1023 

milling 1011. 1012 

Plansr 001-004 

Planer  bolta 014 

damps 010-016.023 

Ibnmng  tools 005 

hesd  mechanism 003-004 

holders  and  cutters 005.  OOO 

jacks 013,021 

Jigs 023 

parallels 013 

shoe  for  holding  woric 028 

tompleto 028, 020 

tools  and  side  heads,  special. 

004.021.022.024 
-tjrpe  milling  machine. . .  .1016. 1017 

vises 026 

Planer  table,  redressing 010 

tool,  special  gage  or  pattern  for 

setting 021,028 

Planer  tools,  adjustoble 005. 025 

angles  of 006 

forged 005 

gang 005 

wwk.  measuring 012 

spring  of 020 

woric  with  surface  gage,  alining. 021 
without  surface  gage,  alin- 
ing  021 

Planer  woik.  beveling  end  of  castings 

for.Tr. vTT.on 

direction  of  feed  or  cut  for  0 1 7 

slide  rule  for  timing 038 

time  of  feed  for 017 

Planer  rail  in  alinement.  setting 000 

Planers,  nlwnses  of 001 

deaning 020 

oiling 020 

Planing  bevefgears 1171-1176 

drilling  jigs 1040 

keyway  in  flange 026, 027 

hub 025 

shaft 024.025 

lathe  bed 027-020 

lathe  head  and  footstock 020 

rectangular  work  clamped  to 

table 018.010 

rectangular  work  hdd  in  shaper 
vise 034,036 
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Planing  toper  keyway  in  puUfly  or  «sar ..  #27 

paralleu  or  wedges tl? 

work  in  a  viae #83 

Planing,  angular #09-#ll 

beveling  end  of  caatinga  for . . .  #17 

horiaontal •06-tlO 

apeeda  and  feeda  for . .  #04.  #06-t08 

Tee  dot #23.  #24 

vertical #0»-#ll 

Plate  Jiga #02 

Plug  gagea. 

#23. 1S28-1S30. 1S32-1S36. 1937 

Plug  gagea,  grinding 1934, 1935 

Plug  method  of  accurately  locating 

holea 1»4  8-1967 

Pointed-tooth  gears 1180 

Polishing  and  buffing 440 

braas 434.436 

cast-iron  flange 433 

clamps 434 

copper 434.  436 

atoel  shaft 434 

Pbliahing,  abrasives,  speeds,  and  ma- 
chines to  use  for 432, 433 

order  of  appljring  emery  doth 

for 432.433 

Power  reaming  in  engine  lathe. . .  .417-419 

topping #07,  #08 

Predae  location  of  holea  in  Jigs  and 

accurate  machine  parts 1948-1963 

Precision  Screws 1930-1938 

Press  fits.    8m  Forcing  fits. 

Pieea.  forcmg 918. 920 

mandrel  or  arbor 920, 422. 423 

stnughtening 1917 

Profiling  (Duplicatmg  irregular  forms)  .1#40 

Protractor,  bevel 1186-1187 

vernier  bevel 1187 

Pulley,  chucking 412 

schedule  of  operations  for  mak- 
ing  430-432 

Pullesra,  locating  aet  screws  for 432 

topering  or  crowning 428-431 

Punch,  center 121, 122 

R 

Racks,  cutting 1130 

Radial  diiUing  machinea 600-«09 

facing  cylinder  ends C14.  €16 

Rake  of  lathe  tools 126, 126 

tooth  milling  cutters 1#43. 1947 

Rapid  indexing 1919-1921 

Rawhide  hammer 422 

Rawhide,  machining 420 

Reamed  holes 418-419 

Reamer  wrench 414 

Reamer,  grinding  toper 822,  823 

making  hand 1926-1928 

Reamer  to  siae.  stoning 821,  822 

Reamer   with    Cup   Whed,   grinding 

hand 820 

Disk     Wheel,     grinding 

hand 7821 

Reamers  for  braas 413.  ft34 

Reamers,  adjustoble 416,  416 

broach 418.419 

center 120. 122 

dearanoeof.413.811-813. 820.822 

expanding 416,  416 

flat  chudong 41 1, 412 

fluted  chucking 417.  418 

fluting. . .  .1929, 1030^  1934-1936 


Reamers. 


Paoi 

822.823 

413-417 

irregularly  apaced  teeth  on. .  .413 

jig #04.  #05. 919. 820 

landa  of 413. 820-822, 1934 

prindple  of  indexing  band.  .1934 

rose  chucking 418 

shdl 916-819 

toper 618-933 

Reaming  stand 416.414 

Reaming  toper  holes  in  a  speed  lathe 

by  power 418,419 

Reaming  thin  work  held  in  jig,  hand. .  .415 

Reaming,  allowanoea  for 418 

finish 413 

rough 418 

Reaming  in  engine  lathe,  hand. 416-418 

power 417-419 

Reaming  in  reaming  stand,  hand 416 

Reaming  in  viae,  hand 414 

Reaming  with  Jig.  power  alinement 618 

Reaming  with  ahell  reamer,  hand  aline- 
ment  918 

Reference  disks 924 

Relieving  attochmenta 1971, 1972 

coimterborea 1975 

dies 1980.1981 

formed  milling  cutters, 

1965-1975,1985.1986 

hobs 1981-1988 

tops 1976-1980 

Rest,  compound 1189. 1190 

Rests,  foUower  or  back 928. 939 

steady  or  center 926-€38 

Rib  (or  tongue)  fixture 915 

Right  and  left  milling  cutter 1607 

Ring  gage,  atandard. . .  .923,  739.  730. 1930 

Ring  cages,  toper 928. 921 

Rolledthreads 9l1i 

Rose  chucking  reamers. 418 

Rototion  for  milling,  correct  direction 

of 1907. 1608 

incorrect  direction 

of 1907.1908 

Rouge 440 

Roughing  cut 136 

tools 127,  ISO.  903. 904 

Round-nose  tools ....  139, 130. 134, 933. 934 

hand  tools 437 

Round-nose  tools,  grinding 135, 136 

Rubber  or  fiber,  madiining  hard..  .419, 420 

Rules,  stondazd  steel 143,  iOl.  914 

Running  fite 916, 931. 932 

Running  fits,  turning  and  filing. .  .914-917 
Rust  or  coiTOsion.  prevention  of 151 

8 

Saw.  grinding  sides  of  slitting 827 

metalBlitting 1916 

Schedule  of  operations.    See  Special        | 
Index  of  Problems. 

Scraper,  center  hole 931 

flat 425 

round-nose 426 

Scraping  cast  iron  in  an  engine  laUie, 

-.—    426-428 

Screw  hunters  for  planers 914 

pins  for  planers 914 

Screw  outtinf .    See  Threading. 
Screw  threaded  work,  root  diameter 
of 930 
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107. 108, 109.  tlO 

^         U30-1S88 

■afetysot 430.432 

Sorews  and  stod  bolta,  dnUing  for, 

607,  §08 

SeMoninc  of  Bzovnd  work 714 

Shaft,  sruidmc  •  slender 722-724 

making  eooentrio 620-681 

miUing  keyway  in 1014, 1«16 

polishing 434 

turning  a  slender 627-€29 

Shaft  blanks  for  grinding  fits,  prepar- 
ing   rTT!; .«i  4. 1 1 5 

Shitft  blanks  for  turning  and  filing  fits, 

ing 116.117 

,  rods  and  bolts,  straightening, 

124.126 

Shank,  ehnek 401 

Shaper.  orank i80,f36 

draw-cut 982 

geared 980 

motoiHlriven 936 

stroke  of 980 

traveling-head 931,  932 

Shaper  vise,  swivel. .'. 932 

Shar];)ening  tap 826 

Shear  planer  tool 908 

Shell  reamers 618-419 

Shoe,  planer 923 

Shoulders,  squaring 132. 639,  i06,  i08 

Shrinking  fits 619. 621 

Side  tools.  .127. 130-132.  601. 602. 608-609 

tools,  grinding 138-137 

Silicate  grinding  wheels 704-707 

Sine  bar 1663-1666 

Sine  bar,  measuring  angles  with. .  1663-1666 

tapers  with 1664 

Slender  shaft,  grinding 72^724 

turning 627-629 

Slide  rule  for  timing  planer  work 938 

Sliding  fits 616 

fitB.tableof 616 

Soap  mixture  for  entting  tools 150 

Soda  water  for  cutting  tools 150 

Soft  hammers  for  drivmg  mandrel 422 

SoUdJig 601 

Spedal  planer  clamps 923 

tools   and    side    heads, 

904,921.622,624 

Speed  for  Uthe  filing 606. 608 

Speed  indicator,  surface  speed  attach- 
ment for 146. 147 

Speed,  measuring  cutting 148 

Speed  of  belts,  changing 162 

Speed  lathe,  dmcking  in. 640. 641 

tappingln 640^42 

threading  in 642.  648 

Speeds  and  feeds  for  grinding 708,  709 

lathe  work. 

146-148.  641.  642 

mUling 1608-1910 

planing... 904. 608-608 

Sperm  oil 148 

Spiders  for  mandrels 422 

Spindle,  making  lathe 622-624 

Spiral  bevel  gears 1176-1177 

Spiral  gears 1131-1138. 1161.  U52 

Spiral  milling 1639-1647 

cutters.1608, 161 1, 1647. 1648 

Spring  calipers 143-146 

chuck 405 

of  planer  work 920 

tools 606, 607, 610, 1618 


PaOI 
Spui^gear  pinioD,  pieparing  blank  for, 

Spur  gears UOl-1126. 1178^1186 

Spur  pinion  and  gear,  cutting. . .  .1116-1120 

Square  dog 639 

Square-nose  lathe  tools 185 

Square-nose  planer  tools 607 

Square,  calculating  diameteir  to  ttm 

blank  for  milling  or  filing 1026, 1026 

Square,  milling  end  of  shait. 1028, 1029 

Square  thread  nut,  making 619-621 

Square  thread  screw,  making 616-418 

Square  thread  screw  and  nut,  sectional 

view  of 611 

Square  thread  Up,  making 1620, 1621 

Square  thread  tops 616, 1620, 1621 

Square  threading  tool  angle  gage 613 

hcMoers  and  cut- 
ters  614 

Square  threadtog  tool,  setting 614, 616 

Square  threading  tools 612-416 

Square  threading  tools,  grinding. .  .138, 139 

Square  threads 410-4214620,1621 

Squares,  eaUper 612, 613 

Squaring  brass 433, 434 

cast  iron 129-132, 612 

Squaring  steel  or  wrought  iron, 

601,602,608-409.612 

Squaring  to  shoulder 132, 639, 406, 406 

with  inside  squaring  tool . .  606. 408 
Squaring,  grooved  dead  center  for. .  131, 132 

step  method  of 601. 402 

Standard  and  limit  gages 623-626 

holes 621. 622 

soUd  mandrels.. .  .420, 1604. 1606 
Standard  measuring  machine,  testing 

end  measuring  rod  with  24" 1688 

Star  feed 614.  617 

Steady  rests.  .422.  623, 626-628, 1029, 1030 

Steel  rules,  standard 143,  601, 414 

Steel  or  wrought  iron,  cutting  speed  for 

planing 004 

diamond-point 
tool  for  finish 
turning.... 604-406 
diamond-point 
tool  for  rough 

turning 602 

facing  laige  work 

in 604 

feed  for  planing.  .604 

finish  planing  6^6, 608 

flniBh  turning.  .604, 606 

Uthe  tools  for.601-4U 

planing 607,008 

rough  planing .  607, 608 

taming  602-604, 

607-609 

Bquazing.601,602.606 

609.  612 

StelUte 610 

Step  blocking 013,  021. 022 

methodof  squaring 601, 602 

Stop-boring  for  toper  holes 620 

Stock  (material),  cutting  off 613, 614 

inspection  and  meas- 
urement of 180 

Stoning  reamer  to  sise 821, 822 

Straight  ed|Ee,  grinding. . . . ., 828, 829 

Straight  gnnding,  setting  swivel  table 

for 712, 727. 809 

Straight  turning  and  fitting 681, 632 

Straightening  press 164, 126, 1617 
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Steaigh taming  ihaftang,  rods  and  bolts, 

124, 125 

Stntppbg  work  to  planer  table §14 

String  fizturea  for  planezv §26 

8tub-tooth  gears 1178.  U70 

Stub  mandrel •21 

Stud  bolts §07,608 

Stud,  making 848. 840 

Stud  bolts  and  aorewa,  drilling  for..§07.  §08 

Studs  for  driving  large  work 423 

Studs  by  power,  setting §07,  §08 

Surface  grading 801-807 

maohines. . « 801 

Surfaoe  gage,  alining  planer  work  with.  .§21 
without....  §21 
Surfaoe  speed  attachment  for  speed 

indicator 146, 147 

Surfaoe  speed,  table  of  number  of  revo- 
lutions required  to  obtain 840.  841 

Swing  of  latne 101 

Swivel  shaper  vise §32.  §83 

Swivel  vise,  graduated 1§12 

T 

Tanite  grinding  wheel 704.  706 

Tap,  interrui>ted  thread 809 

sharpening 825 

Taper  forcing  fits 817-810 

gages 828,821 

holes 810-823 

pins 418.410 

reamers §18-§23 

running  fits 815 

turning 

826-831.  822.  823. 1189. 1190 
turning  with  taper  attachment. 

830,831 
Taper,  setting  compound  rest  to  turn, 

1189.  U90 

turning  and  fitting  a 828, 820 

Taper  bushing,  grinding 718 

collet,  grinding 726 

Taper  grinding,  setting  swivel  table  f  or . .  7 1 2 

Taper  reamers,  grinding 822. 823 

Taper  hole  in  spmdla,  grindii^ 780. 731 

Taper  holes  in  a  speea  Uthe  by  |x>wer. 

reaming 418. 410 

Taper  parallels  or  wedges,  planing §17 

Taper  pin  reamers 418. 410 

Taper  shank  of  end  mill,  grinding.  .880. 831 
Taper  shank  twist  drill,  making. .  1846-1847 

Taper  work,  setting  tool  to  thread 824 

Taper  work  in  vise,  planing §38 

Tapering  or  crowning  puUejrs 428-431 

Tapers.  Brown  de  Sharps. 83C,  S35. 837-830 
calculating  distance  to  set  over 

footstoSc  for 827. 828 

arfaQding.718, 721, 726. 726. 780. 731 

Jamo 836,887 

methods  of  grinding 712 

Morse.  .828-8G 17883-286, 837-838 

standard  and  special 826 

tables  of  footstock  set  overs  for 

turning 837-880 

use  of  patterns  to  obtain 828 

Tapping  attachment §07.  §08 

in  engine  lathe 808. 809 

speed  lathe 840^842 

Tapping,  alinement  drilling  and . .  .838. 839 
jigsfor §08 


Pan 

Tapping,  poissr i07,  §08 

Taps,  adjustable 809 

grooving IMl-ltSS 

making 884. 825. 1818-1223 

multiide-thxeaded 833 

relievmg 1878-1880 

Square  thread 816. 188a  1821 

threading  jripe 824. 825 

Twenty-nme  degree  thread, 

826. 1X22,  U33 
United  States  standard. .  .1818. 1810 

Tee  fixture  for  planers §15, 816 

slot  planer  tool  lifter §23,824 

Tee  slots,  milling 1842 

planing 823,824 

Templets 487. 438 

Test  indicatoiB 1810-1813, 1849-1852. 

1850.1860 

Testing  gears 1182-1184 

Tensile  test  specimen,  making. . .  .846, 847 
Thread  calipers 820 


113. 824, 825. 807, 826, 1816 

indicator 836 

micrometer  caliper 1814, 1215 

Thread  to  a  shoulder  in  an  engine  lathe. 

cutting S82, 810 

Threading  dies 842. 843 

Threading  in  engine  lathe, 

818-838. 842-840. 808-832 

in  speed  lathe 842. 843 

long  screws 886,837 

nuts 810. 843. 806. 807. 838 

taper  work 824,825 

tool  holders  and  cuttersJOS,  814 
with  rapid  change-gear  mech- 
anism   ^  10. 11 1 

Threading,  calculating  compound  flsar- 

ingfor .TSs-«5 

calculating  simfde  geaiinc 

for 837 

calculating  gearing  for  ftao- 

tional S33 

calculating  gearing  for  met- 
ric  885 

description  of  mechanism 

for.. 828-881 

formulas  for, 

821-823. 851. 811. 81S.S88 

operating  lathe  for 881 

theory  of. 828,  S87 

Threading  in  the  engine  lathe.  u>sM^ 

Threading  tool,  spring 1816 

Threading  tools, 

808. 823-826. 888. 806-816,  821 
822,824-826.1216 
tools,  grinding. 
138-140.  824-826. 815. 824-826 

Threads  per  inch 820, 821 

Threads,  counting 820. 82 1 .  S3 1 

double 83 1 .  832 

fractional 882-885 

International  standard 851 

lead  of 880.835 

left 810.882,810 

metric 818.835 

multiple 819,881  832 

pitch  of 820 

right  and  left 810 

rdled 810 

Sharp  V . .  .818-848. 856, 808-810 
Squaie 810-881. 1880. 1221 
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Thfdi,  Twvnty-nlne  degree, 

United  Stotes  standaid. 

118. 322.  S23,  S26,  S26.  S31. 
S56,iO«-ftlO.  1818. 1219 

usee  of  different tl9 

Wbitworth  (Encliah)  stand- 
ard  S37.t38 

Thumb  nuta.  making  braae  nuried,  S36, 137 

Time  element • tOt 

Toe  dogs  for  planers f  14 

Tongue  (or  rib)  fixture  for  planers,  .f  15,  f  10 
Tool  holders  and  cutters.    iSm  Ho^ 
ders  and  cutters. 

Tool  making 1901-1287 

Tooth  rest  for  cutter  grinding, 

810^14.824 

Tooth  clearance,  gear 1107 

Tooth,  working  depth  of  gear 1107 

Tooth  at  pitch  line,  thickness  of  gear.  .1107 
Traveling    head    ahaper    or    traverse 

shaper #31.  #32 

Triple  threads 132 

TripoU 440 

Tnung  enjpne-Iathe  centers 114, 115 

gnnding  machine  centers, 
^^^  710,711,809 

wheels 709,710 

Tubing,  cutting  off 881 

Tumtuing  castings,  pickling,  etc lilO 

Turning  alnTi^^^iTi 419 

babbitt 419 

brass S33-ft87 

bronse 419 

oast  iron. 

129-135.  144,  201-205.  312. 
226-232 

composition 533 

copper 419 

leadTT 419 

monel  metal 534 

steel  or  wrought  iron, 

801-2 i7rt39-249.  252.  253 

TuqDentine  for  machining  glass 150 

Twenty-nine- degree  thread  taps, 

226. 1222. 122af 
Twenty-nine  degree  thread  tap,  mak- 
ing  1222.1223 

Twenty-nine  degree  thread  nut,  mak- 
ing  529-iSl 

Twenty-nine  degree  thread  screw  and 

nut,  sectional  view  of 221 

Twenty-nine  degree  thread  screw,  mak- 
ing   227-229 

Twenty-nine    degree    threading    tool 

gage 225.226 

Twenty-nine  degree  threading  tools, 

«~-      U22-225 
Twenty-nine  degree  threading  tools, 

grinding 224-226 

Twenty^^me  degree  threads 221-231 

Twenty-nine  degree  threads,  formulas 

for.. TT 222 

Twist  drillB,  chucking  with 409 

making 1243-1247 

Twist  drill,  three-groove 410 

four-groove 410 

U 

United  States  standard  tap,  making 

1218. 1219 
United  States  standard  threading  tools, 
grinding... 225.226 


Pact 

United  States  standard  threads, 
218, 222, 223, 225,  226.  231. 256. 206-210. 
1218,1219 
United  SUtes  standard  thread  gage. .  .226 
United  States  standard  and  Sharp  V 

threading  tools. . .  .208. 223-226. 206, 207 
United  States  standard  screw,  sectional 

view  of 218.  228 

Unita.  electrical 226 

Universal  chucks 408,404 

grinding  machine 702,  703 

milling  machine 1202, 1203 

vise 1212.1213 

tool  grinder 141. 142 

Universal   grinding   machine,   operat- 
ing   .T\TT v....  .715 

V 

Vernier  bevel  protractor 1187 

calipers 211-213,  U12,  U66 

hei^tgage. 

lll9-1254, 1259, 1263, 1264 
Vertical  and  circular  milling  attach- 

mento 1243, 1244 

Vertical  boring  and  reaming 217-219 

milling  machines 1243-1245 

planing 209-211 

qjiindle  surface  grinding  ma- 
chine  806 

Vise,  floraduated  swivel 1212 

jig 208,209 

on  table,  setting  milling  machine .  121 1 

swivel  shaper 232, 238 

universal 1213 

Vises,  planer 226 

Vitrified  grinding  wheels 704-707 

Volt. . .  .T. .  rvT: 226 

Vulcanite  grinding  wheels 704,  702 

Vulcanite,  machining 419,  A2D 

V  threads,  sharp 218-243. 256, 202^10 

Washers,  lock 256 

Water  for  grinding .712,  713 

guards  for  grinding  machines. 

««— .        TlOw,  716 

Water  for  cutting  tools,  soda. 150 

Watt 226 

Wet  tool  grinder 140-142 

Wheels,  cup 707.806.812, 813. 816 

disk 707.812.813 

grinding 704-710.  809 

Wheels  and  belts,  polishing  with .  .440 

Whitworth  (English)  standard  thread- 
ing tools 238 

thieads 237.238 

Whitworth  thread  screw,  sectional  view 

of 237 

Wrench,  socket  or  chuck  screw.  .246,247 

Wrought  iron,  cutting  speed  for 204 

feed  for  .777. 204 

207,208 


•''''•^iXrioo^^.tia 

turning 201-210 

WoAuig  depth  of  gear  tooth 1107 

Worm  gear,  gashing U45, 1146 

Worm  gear,  making 1144-1151 

Worm  gear  blank,  preparing 1145 

Wonn,  makhig .77 U47,  U48 

Wonn  gears U39-1140. 1162 

Z 

Zero  Unes 112 
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A  Paob 

J  for  gM  blooks It26. 1127 

Allowance  defined. 1S05 

B 

BaU  plug  safe iSlO.  ttll 

Boring  and  turning  mills,  heavy  duty 

verScal \T^ 144 1 .  1442 

Boring,  facing,  and  turning,  heavy  duty, 
•  m  1439-1442 

Boring  machines,  horisontal 1439-1441 

Box  parallel, 

U16. 1S18, 1410, 1415,  1417 

Bridge,  toolmakere' 1316, 1317 

Brinell  testing  machine.. .  .1315, 1316, 1342 

C 
Caliper,  direct  reading  micrometer, 

1310, 1311 

Caliper,  metric  micrometer 1333, 1334 

Combination  inspection 1338, 1339 

Combination  gage  blocks,  Johansson, 

1310. 1311,  1322-1327 
Complete  or  one-hundred  per  cent  in- 
spection  1338 

Contour  gages,  profile  or 1341 

Cricket  or  footstook  base,  lathe 1404 

Cylinder  gage,  dial U13, 1314 

D 

Dial  cylinder  gage 1313, 1314 

Dial  gage 1329.1330 

indicator,  universal.  .1311, 1312.  1330 

Dial  indicators,  direct  reading 1329 

Direct-reading  micrometer  caliper, 

1310. 1311 

Drawings,  limit  system  on 1306-1300 

Drill  press,  inspection  of 1408-1410 

Drilling  machine  for  inspection  or  opera- 
tion, setting  up  vertical. . .  .1408 
machine  spinale|nole,  to  test  ac- 
curacy of  rotation  of  vertical 

1409, 1410 
machine  table,  to  test  accuracy 
of  vertical 1409 

E 
Engine  lathe,  inspection  of  an. . .  1402-1408 
Equipment  for  inspection 1309-1334 


Facing  and  turning,  heavy  duty  boring 
^^  1439^442 


Paob 

Feeler  gages,  thiokneas  or 1311,  tS12 

File,  inspection  for  hardness  with  a 1S42 

Fillet  and  radius  gsges, 1311, 1312 

Fit,  finger 1424 

wrench 1434, 1425 

Fits,  threaded 1422-1420 

Fluid  gage,  preatometer  or, 

1318, 1314, 1330-1332 
Functional  inspection 1341 


Gage,  ball  plug 1310, 1311 

Cage,  dial 1329, 1330 

dial  cyUnder 1313,  U14 

prsetometer  or  fluid, 

1313, 1314. 1330-1332 

Qage  blocks,  accessories  for 1326, 1327 

Johansson  combination, 

1310, 1311, 1322-1327 
Gages,  adjustable  limit  snap, 

U10-U13, 1320,   1S21 

oonstruotion  of 1327-1320 

t  checking 1339. 1340 

effect  of  different  metals  on  the 

life  of 1328 

effect  of  rough  and  finished  sui^ 

faces  on  the  life  of 1328 

fillet  and  radius 1311, 1312 

**go*'  and  "no-go," 

1310-1313, 1319, 1320. 1422 
indicating. . . .  1311, 1312, 1329-1333 
limit. .  .1310-U13, 1319-1321,  U22 
Umit  plug. . .  .1310-U13. 1320. 1422 
limit  SUM. 

ni(>-1313,  U19, 1320. 1422 

master 1339, 1340 

material  for 1327 

pipe  thread 1312,  U13 

profile  or  contour 1341 

thicknees  or  feeler 1311  1312 

thread. 1310-U13. 1422 

tolerance 1339, 1340 

tolerance  for  wear  of 1327, 1328 

wira 1313.1314 

"working** 1339. 1340 

Gages  for  inspection,  sets  of 1339, 1340 

Gages  for  threaded  work,  limit. 

1310-1313, 1422 
"Go"  and  "no-<p"  gages, 

13104313.  U19, 1320, 1422 


14 
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H  Paqb 

HardnesB,  inspection  for 1142 

Horiiontal  boring  machines. 1439-1441 

I 

Indicating  gages. . .  .ISll.  1112.  ia29-lS33 
Indicator,  thread  lead, 

1112. 1113. 1427. 1428 
universal  dial. .  .ISll.  1S12, 1S30 
Indicators  and  testing  machines  for  the 
I     precision    measurements    of    thread 

leads 1427-1431 

Indicators,  combination  scale 1S33 

direct  reading  dial 1S29 

"feel"  or  touch 1S32, 1333 

Inspection  cribs  or  rooms 1S37, 1838 

for  hardness 1842 

of  an  engine  lathe 1402-1408 

of  machme  parts ....  1834-1846 

of  machine  tools 1401-1421 

Inspection  of  a  planer 141&-1421 

a  i)lain  or  universal  mill- 
ing machine 1410-1414 

threads 1421-1438 

a  vertical  drilling  ma- 
chine,   drill   press   or 
upright  driU...  1408-1410 
a  vertical  milling   ma- 
chine  1414-1410 

Inspection,  combination 1838, 1839 

complete    or   one-hundred 

percent 1838 

eari/  forms  of 1801, 1802 

equipment  for 1809-1834 

functional 1841 

instruments  for 1809-1834 

magnifying-glass 1842 

methods  of 1838-1841 

random  or  percentage 1838 

sets  of  gages  for 1839, 1840 

tools  for 1809-1834 

visual 1841,1842 

weight 1842,1843 

Inspector,  chirfT 1835 

Inspectors,  bench  or  crib 1836, 1837 

foremen 1835, 1838 

traveling,   field   or   opera- 
tion  1836 

Interchangeability  of  machine  parts, 

1802,1803 

J 
Johansson   combination  gage  blocks, 

1810,  Ull,  1822-1827 

L 

Lathe  cricket  or  footstock  base 1404 

proof  spindle 1406 

Lathe,  inspection  of  an  engine.  .1402-1408 

requirements  of  accuracy  for  a, 
,     .       .  1402,1403 

Lathe  after  awembly,  inspection  of. .  .1405 

boring  test,  to  make 1407 

carriage,  alining 1403, 1404 

centers,  to  test  alinement  of, 

1406, 1407 

during  assembly,  testing 1403 

facins  test,  to  make 1407, 1408 

spindle,  aliidng 1404, 1406 

spindle  hole,  to  test  accuracy 

of 1406 

Lathes,  special  test  for 1408 

vertical  tuiret 1442-1446 


Paqb 

Lead  screw  testing  machine 1429, 1430 

testing  machines,  thread, 

1428,1429 
Lead  indicator,  thread, 

1812, 1813, 1427, 1428 

Level,  machinists' 1813, 1816,  U17 

Limit  defined 1804 

I  for  threaded  work, 

UlO-1813, 1422 
_.  ..  1810-1813.  U19-1821.U22 
plug  gages. . .  .1810-1813, 1820, 1422 
snap  gages, 

UlO-1813,  U19, 1820, 1422 
Sjrstem  of  manufacturing. .  1803-1806 

system  on  drawings 1806-1809 

limit  snap  gages,  adjustable, 

1810-1813, 1820, 1821 

Limits  applied  to  threads 1422-1425 

of  accuracy 1806 

Limits  and  tolerances,  to  establish, 

1805,1806 

M 

Machine  parts,  hand  machines  for  in- 
specting  1844,1846 

inspection  of 1834-1845 

machine  for  automati- 
cally inspecting 1846 

reinspection  of..  .1840, 1841 

Machine  tools,  inspection  of 1401-1421 

Machinists'  level 1813. 1816. 1417 

Material  for  gages 1827 

Magnifying-^ass  inspection. 1842 

Metric  micrometer  caliper 1833, 1834 

Micrometer  caliper,  direct-reading, 

1810, 1811 

Micrometer  caliper,  metric 1833, 1834 

Milling  machine,  inspection  of  a  plain 

or  universal 1410-1414 

Milling  machine,  inspection  of  a  ver- 
tical.   1414-1416 

Milling  machine  column,  to  test  aline- 
ment of  spindle  with  face  of.  .1410, 1411 
Milling  machine  table,  to  test  aline- 
ment of 1412, 1413 

Milling  machine  for  inspection  or  op- 
eration, setting  up 1410 

Milling  machine  Knee  with  face  of  col- 
umn, to  test  alinement  of 1411 

Milling  machine  overhanging  arm,  to 

test  alinement  of 1413, 1414 

Milling  machine  s|>indle  hole,  to  test 
accuracy  of  rotation  of. 1411. 1412 

N 
**  No-go"  gages,  "go"  and, 

1810-1813, 1819, 1820, 1422 

O 
Optical  principles  for  precision  measure- 
ment of  threads 1430. 1431 

P 
Parallel,  box, 

1816, 1818, 1410, 1415, 1417 

Pipe  thread  gages 1812,1813 

Pitch  diameters  of  threads,  wire  sys- 
tems for  measuring, 

1431-1434. 1436, 1437 
Plain  milling  machine,  inspection  of  a, 

1410-1414 
Planer,  inspeotioo  of  a U16-1421 
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Paob 

Planer  bed.  to  level 1417 

orofls  rail,  to  test 1421 

houmncB.  to  test 1418. 1419 

table.  leveling 1420. 1421 

Plug  gage,  ball UIO.  1311 

Plug  gage,  limit ISIO-UIS.  1S20. 1422 

Preetometer  or  fluid  gage. 

U13. 1814, 1S3(>-1S32 

Profile  or  contour  gages 1S41 

Proof  bars 1402. 1406.  1407. 1409 

Proof  spindle,  lathe 1405 

R 

Radius  gagee.  fillet  and Ull.  1312 

Random  or  percentage  inspection 1S38 

Ring  gage,  to  test  lead  of  thread. 

1427. 1428 

8 

Sderosoope 1315, 1316. 1342 

Screws,  to  remedy  errors  in  the  lead  of, 

1426 

Sine  bar U13. 1314, 1325 

Snap  gages,  adjustable  limit, 

1310-1313. 1320. 1321 
limit. 

1310-1313. 1319. 1320, 1422 
Spindle,  lathe  proof 1405 

T 
Tap,  to  test  the  lead  of  thread  of, 

1427,1428 
Taps,  to  remedy  errors  in  the  lead  of.  .1426 
TaUstook.     See  Footstook. 

ThioknesB  or  feeler  gages 1311. 1312 

Thread  clearance 1425 

gages 1310-1313. 1422 

lead  indicator, 

1312, 1313, 1427, 1428 
testing  machines. . .  1428, 1429 
measuring  wires, 

1312,  U13. 1431. 1432 

Thread  gages,  pipe 1312, 1313 

Thread  angle,  principle  of  measuring 

and  calculation  of 1434-1438 

gage,  to  test  the  lead  of. .  1428, 1429 
Threaded  fit  and  effect  of  errors  in  lead. 

evolution  of 1423-1426 

Threaded  flta 1422-1426 

Threaded  work,  limit  gages  for, 

1310-1310,1422 

Threads,  drunken 1438. 

inqjMOtion  of 1421-1438 


Paob 

Threads,  limits  appUed  to 1422-1435 

three-wire  ^stem  for  meas- 
uring. .  . .  U12.  U13. 1431-1438 
Three-wire  system  for  measuring  pitch 
dismeter  of  threads, 

1431-1434, 1436. 1437 
Three-wire     system     for     measuring 

thread  angle 1434-1438 

Tolerance  defined 130ft 

for  wear  of  gages. 1327, 1328 

Tolerances  for  plated  work 1329 

Tolerances,  to  establish  limits  and. 

1305.1306 

Toolmaken'  bridge 1315,  U17 

fixtures 1313-U18 

knee 1315.  U18 

Turning,   heavy   duty    boring,    facing 

and 1439-1442 

Turning  miUs,  heavy  duty  vertical  bor- 
ing, and 1441-1442 

Turret  lathes,  vertical 1442-1446 

U 

United  States  standard  threads,  pre- 
cision measurement  of  pitch  diam- 
eters and  an^es  of 1431-1436 

Universal  millmg  machine,  inspection 
of 1410-1414 

Upright  drill,  inspection  of  an.  .1408-1410 

V 

Vertical  turret  lathes 1442-1446 

Vertical    boring    and    turning    mills. 

heavy  duty 1441-1442 

Vertical  drilling  machine,   inspection 

of  a 1408-UlO 

Vertical   milling   machine.   inspecti<m 

of  a 14l4r-U16 

Vertical   milling   maciiine   knee   with 

spindle,  to  test  alinement  of. 1416 

Vertical  milling  machine  spindle,  to  test 

alinement  of  table  with 1415. 1416 

Visual  inspection. 1341, 1342 

W 

Weight  inspection 1342, 1343 

Whitworth  threads,  precision  measure- 
ment of  pitch  diiuneten  and  angles 

1431.1432.1436-1438 

Wire  gages 1313. 1S14 

Wire  systems  for  predsion  measure- 
ment of  pitch  diunetera  and  angles. 

of  threads 1431-1438 

Wire  systems,  one-  and  two-. 1438 
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SMITH  BLUE-PRINT  HOLDERS 
AND  TEXT-BOOK  HOLDERS 

FOR  SHOP  AND  SCHOOL 

—PATENTED 
AN  IMPORTANT  ADVANCBMBNT  IN  THE 
SCIENTIFIC  MANAGEMENT  OP  TRADES,  INDUSTRIES  AND  SCHOOLS 


Saves  Time 

Convenient 
location  for 
rapid  read- 
ing. 

Increases 
efficiency . 
Unobstructed 
view.'* 


Saves  Blue  Prints 


Saves  Byeslght 

Reduces     the 

motions    of 

wor  km  e  n. 

A  Law  of  Op- 

tics  obeyed; 

perpendicular 

line   of  vision. 

Saves  eyesight. 


RIGHT  WAY. 

IMPROVED  METHOD  OP  HOLDING  BLUE  PRINTS  nOUNTED  ON 

SHEET  METAL  OR  CARDBOARD. 


Blue   print    cov- 
ered with  tools. 
Soiled  and 
damaged 
print. 
Slow   reading. 
Obstructed  view 


anting  line 
of      vision 
causes    eye- 
strain. 
A    Law    of 
Optics    vio- 
lated. 
Ruins  eyesight. 


WRONG  WAY. 


OLD  METHOD  OF  HOLDING  BLUE  PRINTS. 
INDUSTRIAL  EDUCATION  BOOK  CO..  Bo9ton,  U.S.^. 


Holds    mounted 
or  unmounted 
prints,     draw- 
ings, tracings, 
sketches, 
or  notes.    Re- 
volved to  suit 
position  of  work- 
man. 


Can  be  quickly 

changed  from 

mounted    to 

unmounted 

prints. 

May  be  s-wiv- 

elled,      raised, 

or  lowered. 


RIGHT  WAY. 


IMPROVED  METHOD  OP  HOLDING  UNHOUNTED  BLUE  PRINTS. 


Workman     must 
turn    around 
to  read  draw- 
ing. 
Loss   of   time. 

WRONG  WAY. 
CRUDE  WAV  OP  HOLDING  UNMOUNTED  BLUE  PRINTS. 
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Workman    turns 
round,  picks 
up    print, 
reads   i  t  ,* 
lays  it  down, 
turns  back   to 
lathe. 


Unhandy,  incon« 
venient     loca- 
tion. 

Destructive 
to  prints. 
Waste  of  time. 
Inefficient. 


WRONG  WAY. 
ANOTHER  OLD  WAY  OP  USING  MOUNTED  BLUE  PRINTS. 


Print    soon   be- 
comes so  soiled 
that     it     is 
difficult   to 
'  read  figures. 


WRONG  WAY. 
ANOTHER  OLD  WAY  OP  USING  UNMOUNTED  BLUB  PRINTS. 
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How  to  Operate  Blue -print  Holder  to 
Hold  Mounted  and  Unmounted  Prints* 


Down  I 


Presto  I 


Up/ 

Lift    the   "Lilt,' 
insert  print; 
lower  "  Lift," 
which     se- 
cures    print, 
as    at    '*A.'* 
Simple   fixture 

INSBRTINQ  nOUNTED  PRINT  IN  BLUE-PRINT  HOLDER. 


Lift      the   "LilV 
insert     top     o^ 
print,    lower 
"Lilt." 
Gravity  of 
"Lilt"      and 
force  of  the  "  In 
dined    Plane''   grips 
print   as  at   **B." 


Simplicity. 
Rapidity. 
Print  not  soiled 
or  torn. 

No   clips,   no 
springs,     no 
hooks,  no  repairs. 
Nothing  to  get  out 
of  order. 
INSBRTINQ  UNMOUNTED  PRINT  IN  BLUE-PRINT  HOLDER. 
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Blue-print  and  Book  Holder  Combined. 


Book  held    open 
at  proper  angle 
for     reading. 
Keeps    book 
clean. 


May    be    swiv- 
elled, raised, 
and    lowered 
independently 
r  together . 


A  TBXT-BOOK  HOLDER  WITH  TRAN5PARBNT  CELLULOID  COVER 

TO  PROTECT  OPEN  BOOK,  AND  BLUE-PRINT  HOLDER 

HOLDING  MOUNTED  PRINT. 

Blue-frifU  Holders  and  Book  Holders  may  he  used  together  or  separately. 


Brings  the  In- 
f  ormatlon 
convenient  to 

the  operation. 


TEXT-BOOK  HOLDER  FASTENED  TO  BENCH  AND  HOLDING  BOOK 
OPBN^  AND  BLUE-PRINT  HOLDER  HOLDING  MOUNTED  PRINT. 
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How  the  Pages 'Of  a  Book  are  Turned 
in  the  Book  Holder. 


Simple/ 


Effective! 


Rapid! 


OPBRATINQ  BOOK  HOLDER. 


SWING  HINGED,  TRANSPARENT  CELLULOID  COVER  BACK  BY  HANDLE 
AT  EITHER  END  OF  HINGE  AND  TURN  LEAVES  OF  TEXT- 
BOOK, THEN  SWING  COVER  ON  TO  BOOK. 
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Out  of  the  way 

and  not  lying 

on   bench 

covered  with 

stock  and  tools. 


BLUE-PRINT    HOLDER    ATTACHED    TO    PATTERN-MAKER'S   OR 
WOOD-WORKER'S  BENCH,  HOLDING  MOUNTED  BLUE  PRINT. 


AT   LAST. 

Large  Unmounted  Blue  Prints  Taken  Care  of 
in  the  Shop. 


Rods     quickly 
adjusted     for 
different 
sizes       of 
prints. 


For  small  prints, 
rods    unneces- 
sary; may  be 
removed 
and    kept    in 
tool-room. 


EXTENSION    RODS    ATTACHED    TO    CENTRAL    DEVICE    HOLDING 

LARGE  UNMOUNTED  BLUE  PRINT  WITH  GRAVITY  CUPS 

A,  A.     B  IS  AN  END  VIEW  OP  THE  DEVICE, 

C  THE  LIFT,  AND  D  THE  ROD. 
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METHOD  OP  FASTENING  BLUE-PRINT  HOLDER  AND  TBXT-DOOK 
HOLDER  TO  BED  OP  LATHE 

or  any  machine,   by   a   fixed  arm  bolted   to  bed   by   two 
hexagonal-head  cap  screws,  f  x  i6  x  ij*^. 


HETHOD  OP  PA5TENINQ  BLUE-PRINT  HOLDER  AND  TEXT-BOOK 
HOLDER  TO  BED  OP  LATHE 

or  any   machine,   by   swivel   arm  bolted   to    bed    by    two 
hexagonal-head  cap  screws,  |*^x  i6x  ij'. 
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METHOD  OP  PASTENINO  BLUE-PRINT  HOLDER  AND  TEXT-BOOK 
HOLDER  TO  THE  TOP  OP  BENCH 

by    flange   screwed   to  bench   with    four   }*^xi2    flat-head 
bright  wood  screws. 


METHOD  OP  PASTBNINQ  BLUE-PRINT  HOLDER  AND  TEXT-BOOK 
HOLDER  TO  BACK  OP  BENCH 

by  flange  with  three  }'xi2  flat-head  bright  wood  screws* 


nBTHOD  OP  PA8TENINQ  TWO  BLUE-PRINT  HOLDERS  AND  TEXT- 
BOOK  HOLDERS  TO  TOP  OP  DOUBLE  BENCH 

by  double  flange  screwed  to  top  of  bench  with  eight  J'^x  13 
flat-head  bright  wood  screws. 
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Smith's  Text-books  on  Machine  Work  are  Standard 


FIRST  BOOKS  ON  MODERN  INDUSTRIiL  EDDCATION 

TEXT-BOOKS  ON  MACHINE  WORK 

By  ROBERT  H.   SMITH 

MsMMmotuMttiM  buHtuU  oi  Tfcbaology 

For  Apprentice,  Student,  Specialist,  Machinist, 
Shop,  School,  College 


They  Cover  a  Field  Heretofore  Unoccupied ' 

AN  EXPERT  HACHINIST 
says:  '4t  has  taken  me  allfetlme 
in  the  shop  to  learn  what  is  in 
these  books." 

A    HANUPACTURER  says: 

**  Every  apprentice,  young  ma- 
chinist and  machine  specialist 
should  have  these  books." 

AN  INSTRUCTOR  OF  HACHINE  WORK  says:  ''For  con- 
densed and  classified  information  and  fine  illustrations, 
they  are  the  most  perfect  books  ever  written  on  machine 
construction." 


The  Finest  Illustrated  Text-books. 


lO 
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Read  What  Educators  and  Manufacturers  Say 
About  These  Text'books: 


EXTRACTS  FROn  LBTTBR3 

DR.  RICHARD  C.  MACLAURIN,  President  Maeeeohnaette  Xnatltate 
of  Teohnology,  Boston,  Maee. : 

''You  are  dealing  with  matters  that  lie  at  the  very  basis  of  a  great  deal  of  the  work 
for  which  the  Institutb  stands.  The  labor  involved  in  putting  these  books  together 
must  have  been  enormous." 

PROFESSOR  EDWARD  P.  MILZaER,  Head  of  Department  of  Mechani- 
oal  Engineering,  Maaaaohuaetts  Institute  of  Technology,  Boston, 
Maas.: 

"  Since  the  introduction  of  the  Text-Books  on  Machine  Work,  the  students  ask 
fewer  questions  and  less  time  is  required  by  the  instructor  in  the  lecture  room,  thus 
making  more  tune  available  for  woriL  at  each  exercise." 

PROPESSOR  CHARLES  P.  PARE;  Director  of  Meohanical  Labora- 
tories,  Massachusetts  Institute  of  Technology,  Boston,  BCass. : 

"  These  books  have  proved  to  be  a  valuable  aid  to  the  instruction  in  our  Mechani- 
cal Laboratories.  Much  time  has  been  saved  by  their  introduction.  The  students 
fdlow  the  work  understandingly  and  require  less  attentbn  and  a  smaller  amount  of 
demonstrating.  The  value  of  the  schedules  of  operations  cannot  be  appreciated  by 
one  who  has  not  used  them." 

PROFESSOR  PETER  SCHWAMB,  Maasachnaetta  Institute  of  Tech- 
nology, Boston,.  Mass. : 

''These  are  the  first  books  that  I  have  seen  that  embody  the  systematic  teaching 
of  the  educational  principles  which  should  underlie  industrial  education." 

PROM  BROWN  A  8HARPE  IflANTTPACTXTRINa  COMPAN7, 
Providence.  R.  I. : 

Ms.  Viall:  "The  books  are  so  practical  and  helpful  that  we  shall  urge  upon  our 
apprentices  the  purchase  of  them  as  a  standard  work." 

Mr.  Buxungame:  "I  felt  as  soon  as  I  looked  these  books  over  that  they  covered 
a  field  which  up  to  the  present  time  had  been  unoccuiued." 

PROFESSOR  H.  L.  ADAMS,  Managing  Director,  Keystone  Institute, 
Reading,  Pa. : 
"  Your  book  is  great.    It  is  our  purpose  to  build  so  that  we  will  have  ample  room 
for  a  fun  line  of  machines  necessary  to  teach  with  your  tei^trbooks." 


IX 
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BTONB  A  WSBSTBRi  BoAton,  MftM. : 

Mr.  Hensy  G.  Bxadlek:  "These  books  cover  a  field  on  which  it  is  at  present 
almost  impossible  to  obtain  any  information  in  a  written  form.  I  believe  they  will 
be  very  helpful,  not  only  to  the  young  men  who  are  studying  machine  wotIl  at  Tech- 
nology but  also  to  all  manufacturing  concerns  doing  this  character  of  work.  I  do 
not  believe  that  a  machine  shop  could  do  better  for  itself  than  to  put  copies  of  your 
books  in  the  hands  of  each  of  its  machinists." 

PROFESSOR   ARTHTTR   M.   OREBNE,  Jr.,  Renaaelaer  Polytadmic 
Inatitiite  (Ruasell  Sage  Foundation),  Troy,  K.  7.: 

"I  believe  the  books  are  going  to  be  very  extensively  used  as  I  do  not  know  of  any 
books  that  quite  cover  the  ground  so  well  as  these." 

MR.  LB8TBR  G.  FRENCH,  Editor  Journal  American  Society  of 
Meohanioal  Engineere,  Kew  7ork,  K.7.: 
"One  not  familiar  with  publication  work  can  scarcely  imagine  how  much  labor 
is  involved  in  the  preparation  of  these  volumes,  but  I  know  personally  that  the  draw- 
ings alone  rq)resent  literally  years  of  work  and  a  large  expenditure  of  money  from 
having  k^t  in  touch  with  your  work." 

PROFESSOR  ARTHUR  C.  JEWJJTT,  Univeraity  of  Maine: 

«We  have  adopted  your  books  as  a  required  text  for  our  classes  in  machine  tool 
practice." 

UNITED  SHOE  BCACHINERT  COMPANT,  Beverly,  Maaa.: 
Ms.  Vose:  ''They  will  be  of  great  service  to  us  in  our  Imdttstsial  School. 

PROFESSOR  CHARLES  H.  CHASE,  Tuf to  College,  Medford,  Maaa.: 

"The  large  number  of  concisely  numbered  paragraphs,  the  tabulated  arrangement 
of  the  order  of  the  work  and  the  dear  illustrations  make  the  books  unusually  wdl 
fitted  as  text-books." 

MR.  F.  J.  SCHULTE,  Managing  Editor  Shop  Kotea  Quarterly, 
Chicago,  U.S.A.: 
"I  wish  to  compliment  you  on  the  evident  thoroughness  with  which  these  books 
have  been  prepared  and  to  congratulate  you  especially  on  the  excellence  of  the  illus- 
trations^ which  are  the  dearest  and  most  helpful  I  have  ever  seen  in  books  of  this 
kind." 

MR.  JOHN  C.  BRODHEAD,  Aaaiatant  Director  of  Drawing  and  Man- 
ual Training,  Beaton,  Maaa. : 
''I  am  delighted  with  the  multitude  of  pertinent  illustrations,  with  the  tables  and 
with  the  simply  worded  text    I  shall  have  tiie  books  put  on  the  Boston  Ammtt- 
izBD  Lm." 
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MR.  HAROLD  P.   RICHMOND,  President  Amerioan  Bmery  Wheel 
Works,  Providence,  R  Z. : 

''We  have  placed  these  books  in  the  hands  of  the  younger  machinists  in  our  factoiy. 
We  notice  an  immediate  improvement  in  the  efficiency  of  the  men  who  use  them. 
Every  apprentice  should  have  copies  of  these  books,  and  there  are  but  few  machin- 
ists of  any  age  who  would  not  profit  greatly  by  their  use." 

PROFBSSOR  HERBERT   8.   PHILBRICK,   University  of  Missouri, 
Columbia,  Mo.: 
"They  are  just  what  I  have  been  looking  for  and  they  will  save  the  instructor  and 
his  assistants  much  trouble  in  giving  notes  to  the  students." 

MR.  WTTJiTAM  H.  DOOLBT,  Lawrence  Industrial  School,  Lawrence, 
Mass.: 

"Your  books  are  the  first  books  that  I  have  seen  that  embody  the  educational 
principles  that  must  govern  vocational  education." 

PROFBSSOR  FRANK  Iff.  LBAVITT,  The  University  of  Chicago 
(Founded  by  Jolm  D.  Rockefeller) : 
"I  have  examined  these  books  with  much  interest  and  I  am  astonished  at  the 
thoroughness  and  amount  of  material  which  they  contain.  I  can  appreciate  the 
experience  which  they  represent.  Our  machine  shop  instructor  sa3rs  they  are  the 
best  books  he  has  seen." 

MR.  ALLAN  K.  SWiliJT,  Mechanic  Arts  High  School,  Boston,  Mass.: 

"You  have  put  into  clear,  concise  and  usable  form  a  vast  amount  of  information 
indispensable  to  the  student  and  apprentice  which  only  one  who  knows  at  first  hand 
both  the  business  of  machine  construction  and  the  business  of  teaching  could  have 
selected.  The  illustrations  are  particularly  satisfactory  in  character  and  execution. 
They  tell  many  things  far  better  than  could  be  don#by  words." 

MR.  W.  H.  BffURRAT,  Director  Industrial  Training,  Newton,  Mass. : 

"We  are  using  the  text-books  on  machine  work  in  the  Newton  Independent  In- 
dustrial School  and  in  the  Newton  Technical  High  School." 

MR.  S.  S.  JX7DD,  Director  of  Manual  Training  and  Trade  Schools, 
Saginaw,  Bfichigan : 
"These  books  fill  a  long-felt  want,  —  Text-books  for  the  machine  shop.    I  will 
most  certainly  have  each  of  our  shop  bo3rs  provided  with  the  two  volumes.*' 

BAR.  LEO  ABffMAN,  Instructor  Machine  Shop  Practice,  Stout  Insti- 
tute, Menomonie,  Wis. : 
"We  have  decided  to  use  these  as  text  books  in  our  classes  and  I  have  no  doubt 
that  we  shall  find  them  more  than  satisfactory." 
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PR0FB880R  FRANK    &   SANBORN,  The  Ohio  State  Univeralty, 
Columbiui,  Ohio : 

"The  books  have  been  uaed  in  our  classes  hi  fiUng  and  madune  UkA  practice  and 
have  been  much  liked.  The  many  neat  illustrations,  well  notated,  the  concise  state- 
ments and  instructions,  and  the  tabulated  matter  give  clearly  and  quickly  the  desired 
information.    The  arrangement  of  the  books  is  logical  and  pleasing  to  me.'* 

MR.  F.  8.  HITCHCOCK,  Manual  Training  and  Indnatrial  Sohool,  New 
London,  Conn. : 
"For  clearness,  accuracy  and  scope,  they  are  the  most  perfect  books  on  machine 
woric  ever  published.    We  are  using  them  in  our  classes  in  machine  tool  wotIl." 

MR.  FRANK  CtTSHMAN,   Jr.,  Kansas  City  Manual  Training  High 
Sohool : 
"They  are  splendid.    There  ought  to  be  a  great  demand  for  such  books." 

MR.  ORXN  A.  RXNOWAIiT,  North  High  Sohool,  Minneapolis,  Minn.: 
"These  are  the  best  books  I  have  ever  seen  along  the  line  of  making  Twa^h^f^^  work 
a  teachable  subject 


Read  What  the  Technical  Press  S^ys  About 
These  Text-books: 


EXTRACTS  FROn   REVIEWS 

MACHINBRT,  New  York,  N.  Y.,  May,  19x1. 

"At  the  present  time  when  many  so-called  'practical'  books  are  making  their 
appearance,  it  is  seldom  that  ene  is  published  which  is  as  thoroughly  pracdcaL 
These  books  represent  a  great  deal  of  painstaking  work  on  the  part  of  the  author, 
and  his  endeavors  should  be  crowned  with  success,  for  they  meet  the  requirements 
of  the  class  noted  thoroughly,  being  expressed  in  a  dear,  intelligible  manner." 

AMBRICAN  MACHINISTp  New  York,  N.  Y.,  May,  19x1. 

"There  are  years  of  experience  in  teaching  shop  work  behind  these  books  besides 
the  time  previously  spent  in  manufacturing,  and  we  believe  that  many  will  find  them 
a  decided  help  other  in  learning  or  in  teaching." 

SHOP  NOTB8  QUARTBRIiT,  T&dzd  Qua&tes,  191  x,  Chicago,  U.  S.  A. 

"Every  technical  student  and  apprentice  should  possess  copies  of  these  hocks 
which  are  quite  the  best  of  their  kind  that  has  yet  appeared.  The  illustrations  are 
a  revelation,  every  one  having  been  drawn  especially  t(x  the  volumes  and  so  clearly 
lettered  and  captioned  that  they  are  practically  self-explanatory  of  the  processes  or 
operations  they  rq>re8ent.    The  very  complete  index  is  also  a  praiseworthy  feature." 
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CnrCLB  AND  AUTOMOBILE  TRADB  JOURHAL,  Pbxladelpbxa,  Pa., 
May,  191X. 
"These  two  books  show  an  intimate  acquaintance  with  all  brandies  of  machine 
UxA  work,  combined  with  the  knowledge  of  the  teacher,  and  are  undoubtedly  the 
first  books  embodying  the  educational  principles  underlying  machine  work.  The 
informati<Hi  contained  in  them  is  greater  than  that  usually  acquired  during  the  life 
of  even  an  expert  machinist.  The  subject  matter  is  arranged  in  such  a  logical  order 
and  so  profusely  and  clearly  illustrated,  that  even  such  a  complex  subject  as  that 
treated  cannot  help  but  be  dear  to  any  one  who  consistently  follows  the  course  of 
study  as  outlined.  The  books  have  already  been  adopted  as  text-books  by  many 
of  the  leading  industrial  schools  and  should  be  invaluable  to  ambitious  young  men 
engaged  in  machine  work." 

THB  BCIBNTZFIC  AMERICAN,  New  York,  N.  Y.,  Aug.  12,  191Z. 

''Not  technical  students  alone,  but  every  youth  who  runs  a  lathe  or  uses  toc^  as  a 
hobby,  may  benefit  by  adding  these  text-books  to  his  working  library." 

THB  JOURNAL  OF  THB  WORCESTER  POLTTBCHNIC  INSTI- 
TUTE, Worcester,  Mass.: 
"The  books  cannot  fail  to  assist  in  any  shc^  instruction,  and  they  should  prove 
valuable  as  text-books  in  shop  coiurses  given  in  most  of  the  schools  and  colleges  of 
this  country.  There  are  no  old  cuts,  copied  from  catalogues  or  previously  printed 
shop  books,  used  in  other  volume.  All  cuts  are  from  original  drawings,  many  of 
which  are  very  dramatic  in  their  executi<ui  and  are  illustrations  in  the  true  sense  of 
the  word." 

THB  IRON  AOE^  New  Yokk,  N.  Y.,  Apul,  19x1. 

"ISiese  two  books  have  been  brought  out  in  an  effort  to  supply  text-books  covering 
the  field  of  machine  work,  and  the  aim  has  been  to  give  the  b^inner  in  these  subjects 
the  advantages  of  text-books  similar  to  those  used  in  studying  the  older  subjects,  so 
that  the  fundamental  as  well  as  the  advanced  prindples  may  be  quickly  acquired  in 
a  logical,  systematic  and  progressive  manner.  In  both  books  the  student  is  told 
how  to  do  things  and  the  theory  connects  prindples  and  practice.  Machines,  mech- 
anisms and  tools  are  graphically  illustrated  by  original  mechanical  and  perspective 
drawings  and  condensed  tables  describe  them  briefly  and  sjrstematically.  Con- 
densed schedules  which  name  the  materials,  the  operations,  the  machines,  the  jigs, 
the  fixtures  and  the  tools  give  operations  in  machining  and  standard  and  typical 
problems  in  machine  construction." 

TBCEOTOLOOT  REVIE'W,  MASSACHUSETTS  INSTITUTE  OF 
TBCHNOLOOT,  Boston,  Mass.,  April,  191  i. 
^' These  two  eminentiy  practical  treatises  upon  the  operation  of  hand  and  machine 
tools,  constitute  a  substantial  advance  in  the  literature  of  the  machine  shop.  This 
series  of  books  well  illustrates  the  systematic  teaching  of  the  educational  prindple  which 
underlies  industrial  education.  They  are  the  outcome  of  many  years  of  faithful 
study  and  practice  upon  the  part  of  the  author.  It  is  bdieved  that  th^r  wiU  be 
found  equally  useful  in  the  school  and  in  the  shq>." 
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RAXLWAT  AOB  OAZBTTB,  New  You,  N.  Y.,  Apul,  zqzz. 

"These  volumes  have  beeo  written  in  a  series  of  two  on  machine  work  with  die 
desire  of  placing  text-books  at  the  service  of  the  student  taking  up  this  subject,  cither 
m  the  trade  schoob  or  colleges.  They  are,  however,  of  value  to  both  the  student  and 
apprentice.  The  former  will  find  than  more  of  a  necessity,  as  his  study  of  the  woikti 
usually  limited  to  a  comparatively  short  time." 

CANADIAN  BNOINEBR,  Toromto,  Can.,  Apsil,  zgiz. 

"The  aim  of  these  books  is  to  give  the  beginner  in  machine  work  a  teKt4xxik,  thit 
he  may  acquire  the  fundamental  principles  in  a  logical,  systematic  and  progrcsMve 
manner.  Afachines,  mechanisms  and  tods  are  illustrated  graphically  by  means  of 
perspetdve  and  mechanical  drawings,  and  are  briefly  and  systematically  described 
by  tables.  Operations  in  machinery,  standard  and  typical  problems  in  marhfne  con- 
structicm  are  given  in  condensed  schedules,  which  name  the  material,  opcnttiaDs, 
machines,  speeds,  feeds,  jigs,  fixtures  and  tools.  These  books  tdl  how  to  do  things 
with  that  theory  which  connects  principles  and  practice,  and  no  persoo  can  buiU 
or  superintend  the  construction  of  madiinery  without  amsciously  or  unoonscioiisly 
understanding  these  problems  and  applying  these  principles." 
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Hyizobu 


This  IWHtbook  may  be  boirowecl  for 
two  weeks,  with  the  privilege  of  renew- 
ing it  once.  A  flue  of  flye  cents  a  day  is 
incurred  by  ffe.ilure  to  return  a  book  on 
the  date  when  it  is  due. 

The  Education  Library  is  open  from 
g  to  5  daily  except  Saturday  when  it 
closes  at  12,30. 
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